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Preface 


The  “Index  to  Shock  and  Vibration  Bulletin  Mos.  1  through  24”  was  publisned  in  October  1957 
and  it  was  declassified  and  included  as  an  appendix  to  the  “Index  to  Shock  and  Vibration  Bulletin 
25  through  35”.  Bulletins  36  through  41  were  published  in  43  parts  between  January  1967  and 
December  1970  and  this  volume  provides  a  complete  index  to  these  Bulletins. 

This  index  is  divided  into  three  parts.  In  Part  I  subjects  are  compiled  in  alphabetical  order. 
Rirt  Q  consists  of  a  list  of  authors  in  the  same  way.  Part  in  contains  a  reproduction  of  the 
complete  table  of  contents  for  each  of  the  Bulletins  by  number  and  part. 

Each  entry  in  Parts  land  II  is  followed  by  a  basic  three-number  set.  The  first  number 
identifies  the  Bulletin,  the  second  number  the  part,  and  the  third  number  the  page.  The  appear - 
ence  of  more  than  one  three-number  set,  is  an  indication  of  more  than  one  reference  for  a  single 
listing.  The  following  examples  will  serve  as  illustrations: 


Mass  matrices  for  piping  systems 


40-4-148 


Bulletin  number 
— Part  number 


Page  number 


Damping  in  cylindrical  shells 


T 


-Bulletin  numbers 
—  Part  numbers 


38-3-121,  39-1-155 
t  ♦ 


i - — _ - - — Page  numbers 

Appendix  A  contains  a  complete  list  o:  Bulletin  36  through  41  with  their  DDC  accession 
numbers  where  applicable.  Instructions  for  ordering  Bulletins  are  contained  in  the  same  appendix. 
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Part  I 

Subject  Index 


Shock  and  Vibration  Bulletins 
36  Through  41 
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SUBJECT  INDEX 


A 

A7  aircraft 

gunfire  environment,  40-6-27,  41-4-133 

Acceleration 

analysis  of  data,  38-2-113 
of  beams  with  moving  point  loads,  41-6-55 
in  damping  collar,  40-5-161 
vs  frequency 

for  electrohydraulic  test  system, 

40- 5-249 
ground  shock 

hydraulic  pressure  pulse  from, 

41- 5-144 
gun  setback 

instrumentation  for,  36-2-58 
measurement  of,  36-2-53 
landing 

attenuation  of,  40-2-183 
limitations 

as  shock  severity  criteria,  40-2-31 
limiting 

in  vibration  tests,  41-4-117 
linear  and  angular 

simultaneous  tests,  41-3-155 
measurements 

on  aircraft  landings,  40-6-45 
on  catapult  launched  aircraft,  40-6-47 
on  railroad  cars,  39-6-49,  41-4-154 
on  simulator  for  human  head  impact, 

39-5-90 
response 

to  air  pulser  impulse,  41-S-16  * 
as  criterion  for  selection  of  normal 
modes,  40-7-170 
on  railroad  cars,  40-6-115 
of  scale  model  hull,  41-S-18 
on  tracked  air  cushion  vehicles,  40-4-58 
transfer  function 

for  lumped  parameter  system,  38-2-108 
use  of,  36-3-20 
and  vibration,  36-3-119 

Acceleration  probability  density 

for  gunfire  vibration  in  helicopters, 
41-4-218 

for  vibration  in  helicopters,  41-4-230 

Acceleration  pulse 

definition  of  energy  density  of,  39-5-83 
on  electrodynamic  vibration  exciters, 

40-2-176 

Acceleration  spectral  density 

for  vibration  of  aircraft,  40-6-49 

for  vibration  of  avionics  equipment, 40-6-52 

Acceleration-time  history 

on  drop  test  shock  machines,  41-5-59 
Fourier  transiorm  of  predicted,  40-3-88 


for  gunfire  environment  on  aircraft, 

41-4-134 

for  gunfire  environment  on  helicopter, 
41-4-1D9 

at  simulated  launch  vehicle  spacecraft 
interface,  40-3-87 
for  spherical  structure,  41-7-97 
from  underground  explosion,  41-6-80 

Accelerometers 

base-strain,  37-2-48 

base-strain  sensitivity  tests  on,  37-2-44 

calibration  of,  37-2-17,  41-3-1 

using  Fourier  integral  transforms, 
37-2-17 

shock  test  facilities  for,  40-2-205 
standards  for,  41-3-1 
compensation  of  data  from,  40-7-125 
copper  ball 

use  of,  37-3-219 
design  of,  41-3-17 
effect  on  structures,  41-3-6 
for  environment  of  eggs,  41-  3-11 
errors  in,  37-2-43 

using  ferrofluid  ultrasonic  interferometer, 
41-3-17 

frequency  response  of,  41  3-1 
high  acceleration  shock  t.,  .s  of,  40-2-205 
for  measurement  of  ground  shock, 40-7-133 
for  measi  rement  of  mobility  matrix  of 
structures,  40-7-52 
for  measurement  of  tr importation 
environments,  36-6-165 
for  natural  frequencies  of  plates,  41-7-41 
nonlinear  inertial 

affected  by  random  vibration,  37-2-87 
oil  damping  in  piezo  resistive,  41-3-7 
ring 

stress  concentration  m,  37-2-43 
vibration  test  using,  37-2-48 

Acceptance  tests,  see  Qualification  tests  and 
Quality  Control  Tests 

Acoustic  data,  see  Acoustic  environment 

Acoustic  environment 

of  airborne  weapons,  39-S-16,  40-6-18, 
41-S-34, 41-S-37 

of  Apollo  Applications  Program  payload, 
39-3-61 

o»  Apollo  Lunar  Module,  37-5-148,40-3-163 
effect  of  airspeed  on,  37-S-1O0 
on  F-111B  aircraft,  39-6-93 
in-flight  vs  laboratory  test,  37-5-31 
instrumentation  for,  36-7-90,  37-S-95 
of  launch  vehicle,  36-5-97,  36-7-89 
of  OGO  spacecraft,  36-7-91 


Preceding  page  Plank 


of  Phu.  ix  Missile,  39-6-93 
prediction  of,  36-5-97,  41-4-168 
of  RF-4C  airplane,  37-S-95 
of  re-entry  vehicles,  40-3-33 
response  of  structural  components  to, 
36-5-97 

of  Saturn  V  Launch  Vehicle,  39-6-133 
spacecraft,  40-3-52,  40-4-103 
test  facility  for  low  pressure,  41-3-207 
of  UH-1F  helicopter,  37-S-73 
of  VTOL  Aircraft,  41-4-161 
wind  tunnel,  37-7-221 

Acoustic  excitation 

of  aerospace  structures,  37-5-55,  41-7-1 
of  airborne  weapons,  39-S-15 
of  aircraft  structures,  39-3-87 
combined  with  airblast,  39-3-65 
mathematical  analysis  of  response  to, 
39-3-55 

prediction  of  flight  vibration  from,  36-5-85 
of  re-entry  vehicl  s,  40-3-31 
response  to 

Apollo  Lunar  Module,  40-3-172 
cylinders,  36-5-104 
panel,  38-1-1,  40-3-57,  40-5-49 
plates,  36-5-104 
of  rocket  motors,  41-6-115 
of  shells,  40-3-23,  40-3-31 
of  solar  panels,  40-3-49 
during  static  firing  tests,  39-6-135 
and  strain  response,  36-5-77 
structural  damping  during,  41-2-105 
structural  failure  from,  39-3-65 
of  structures,  36-5-89,  39-3-65,  41-1- IS, 
41-6-211 

vibration  response  to,  38-1-1 
Acoustic  fatigue 

of  boron  fiber  reinforced  panels,  39-4-101 
of  panels,  38-1-1 
susceptibility  areas  for,  37-S-19 
tests 

on  aircraft  structures,  37-S-63 
facility  for,  37-S-17 
instrumentation  for,  40-7-17 
procedures  for,  37-S-43,  40-5-54 
specimens  for,  40-5-51 
viscoelastically  damped  panels,  40-5-49 

Acoustic  filter 

helical  coil  as,  41-2-77 

Acoustic  generators,  see  Acousllv  test  facilities 
Acoustic  impedance 

in  shock  analysis  of  fluid  systems,  40-2-67 

Acoustic  levels,  see  Boundary  layer  noise  and 
Sound  pressure  levels. 


Acoustic  Mobility/Impedance  Transducer  { AMIT) 
description  of,  40-4-198 

Acoustic  noise,  see  also  Noise 
attenuation  of,  38-3-190 
prediction  of  response  to,  41-4-87 

Acoustic  power 
prediction  of 

for  VTOL  Aircraft,  41-4-167 

Acoustic  radiation 

from  aircraft,  41-4-161 

resistance  of  cylindrical  shells  to,  40-3-23 

Acoustic  spectra,  see  also  Power  spectra 
shaping  of,  37-S-64 
for  VTOL  Aircraft,  41-4-164 

Acoustic  test  facilities 

for  acoustic  fatigue  tests,  37-S-63 

for  aerospace  ’  ehicles,  37-5-1 

broad  band  random  respr-  ce  for,  37-J-21 

calibration  of,  37-5-147 

data  analysis  for,  37-S-35 

definition  of  noise  field  in,  39-2-87 

description  of,  37-5-33 

design  of,  37-S-17 

design  of  reverberation  chamber  for, 
37-5-13 

instrumentation  for,  37-  5- 1 9, 3  7-  5-  42, 
37-S-34 

performance  characteristics,  37-5-20, 
37-S-17 

performance  of  horn  in,  37-5-46 

scale  model,  37-S-27 

for  simulation  of  inflight  noise,  37-S-64 

sound  generators  for,  37-S-30 

for  spacecraft,  37-5-25 

vibration  tests  in,  37-5-8,  37-5-51 

Acoustic  tests 

of  airborne  weapons,  40-6-9 
of  aircraft  structures,  37-S-43 
amp’ Aide  distribution  during,  38-1-4 
of  Apollo  Lunar  Module,  37-5-109 
of  Apollo  spacecraft,  37-5-25,  37-5-93, 
37-5-153 

assembly  level,  37-5-117 
of  boron  fiber  reinforced  panels,  39-4-101 
compared  to  *  ibration  tests,  37-3-7, 37-3-21 
comparison  of  cpacecraft  flight  data  with, 
36-3-44,  37-3-23 

of  damped  cantilever  beams,  41-2-109 
data  analysis  for,  37-5-77 
derivation  of  spectra  for,  41-3-46 
of  electronic  equipment,  37-3-8,  40-S-78 
establishing  noise  field  for,  37-S-47 
failures,  37-5-170 

flight  acoustic  environment  vs,  37-5-31 
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instrumentation  for,  37-S-53 
on  Launch  Phase  Simulator,  37-3-182 
lev  level 

to  predict  rerponse  at  high  levels, 
41-4-37 

at  low  pressures,  4J-3-207 
of  models  of  spacecraft,  40-4-105 
of  OGO  spacecraft,  37-3-21 
of  panels,  39-4-103,  40-5-54 
prediction  erf  response  to,  41-4-87 
of  propellant  system,  41-7-155 
purpose  of,  41-4-2 

as  qualification  tests,  37-5-139.  27-5-167 
response  of  cylinder  to,  W  3-69 
reverberation  chamber  lor,  39-2-87, 
41-3-207 

simulation  ot  vibration  by,  3 7- 5- 1,3 7- 5- 153 
of  spacecraft,  36-3-42,  37-5-1,  40-3- 103 
of  spacecraft  components,  36-3-39, 41-3-207 
of  upstage  test  vehicle,  41-6-19 
vacuum  teste  combined  with,  37-5-175 
vibration  to  simulate,  38-1-115,  40-3-252 

Acoustic  waves 

from  underwater  explosions,  40 -i  -lb 

Active  vibration  isolators,  see  axso  ihoek 
isolators  and  Vibration  isolators 
attenuation  of  ‘-lb ration  in,  37-6-66 
characteristics  of.  37-6-29 
design  of,  37-6-32 
elect rohydraullc,  39-4-141 
for  helicopters,  37-6-33 
performance  of,  37-G-5-* 
shock  response  rtf,  37-6-69 
transmissibilicy  o',  37-6-45 

Admittance,  see  Mechanical  impedance 

Advanced  Orbiting  Solar  Cfcservatory  Space¬ 
craft  (AOSO) 

design  for  torsional  shock,  36-7-63 
qualification  test  requirements,  36-7-71 

Aerial  delivery 

impact  during,  41-3-223 
s:  nidation  of,  37-3- 19S.  41-3-223 

Aerodynamic  drag 

measurements  oi,  4<v  - 3- SS 

Aerodynamic  loads 

simulation  of,  40-6-2 

Aerodynamic  noise 
tests,  37-3-203 

data  analysis  of,  3  i -3- 208 

results,  37-3-210 

of  s  :ale  model  Titan,  37-3-203 


Aerospace  stnictu-.es 

acoustic  excitation  of,  41-7-1 
acoustic  test  facility  for,  37-5-1 
damping  of,  40-5-1 
prediction  of  vibration  of,  41-7-1 

AH-1  Helicopter,  41-4-195 

AH- 56  helicopter 

ammunition  conveyor  system  for,  40-4-115 
response  to  blast  of  weapons,  40-1-70 

aIM-  4D  missile 

captive  flight  environment,  37-1-125 
data  acquisition  system  for,  37-1-128 
on  F-4  aircraft,  39-1-195 
flight  test  vs  system  test,  39-1-217 

Air 

as  a  damping  mechanism,  36-4-75 

Air  blast,  see  also  Blast 

acoustic  excitation  combined  with,  39-3-65 
cw  aircraft,  40-2-123 
characteristics  of,  S7-  1-SI 
compared  with  underwater  explosions, 
36-1-13  37-1-29 

damage  to  structures  from,  *0-1-36 
design  for 

of  antennas,  3«-S  i 
oA  deck  house.  39-1-107 
drag  loads  from,  40-2-104 
effects  of 

on  aircraft  carriers,  37-4-143 
on  antennas,  fG-i-ji,  40-1-45 
on  oerformance  of  prin  e  movers, 
37-4-127 

on  protective  structures,  iB-2-18’7 
on  ahips,  36-1-13,  29-1-1 
experimental  vs  predicted  res?  onse  co, 
40-1-51,  4<),  1-03 
field  tect  un  ante  'nas,  37-rf- 153 
hardness  at  vehicles  to,  41-1-35 
interaction  v. ith  structures,  37-4-179 
internal  loading  of  structures  by,  37-4-165 
lo ado 

on  aircraft  components,  40-2-123 
on  above  ground  structures,  41-1-35 
on  antenna  mast  structures,  40-2-101 
on  cylinders,  40-2-83 
on  deckhouse  structure,  39-1-109 
effects  of  sliding  on,  37-4-193 
on  lattice  type  structures,  4C-2-101 
mathematical  analysis  of,  39-5-33 
f  .  ships,  39-1-95 
on  spheres!,  39-5-29 
cn  structures,  37-4-186,  37-4-193, 
39-3-85,.  40-1-31,  40-1-45 
on  vans.  3 7-  4-1 94 


nuclear 

attenuation  of  ground  shock  from, 
40-4-217 

effects  on  above  ground  structures, 
37-4-213 

response  spectra  for,  41-S-46 
shock  pulse  for,  40-4-219 
on  open-frame  structures,  38-2-177 
plastic  response  of  aircraft  to,  40-2-128 
pressure  time  history  for,  37-4-18° 
propagation  into  structures,  37-4-185 
response  to 

of  antennas,  37-4-151,  40-1-31, 

40-1-45,  40-1-75,  40-2-101 
of  blast  closures,  40-2-133 
of  gas  turbines,  40-2-147 
prediction  of,  40- '.-49 
of  re-entry  vehicles,  39-1-223 
of  shell  strictures,  37-4-177 
of  ships,  3 T- 1-77 
of  structures,  37-4-169,  40-1-31, 
40-2-101,  41-1-35,  41-S-45 
upper  and  lower  bounds  for,  37-4-169 
test  facilities 

for  SAFEGUARD,  40-2-243 
shock  tubes,  39-1-102,  39-5-41, 

39- 5-53 

tests 

on  antennas,  37-S-14,  40-1-31, 

40- 1-45,  40-1-80,  40-2-105  > 

on  gas  turbines,  40-2-147 

Air  cushion  vehicles 

response  of  guideways  to,  41-6-4/ 
response  to  pressure  loads,  41-6-55 

Air  drop,  see  Aerial  delivery 

Air  guns,  see  Shock  test  facilities 

Air  jets,  see  Acoustic  test  facilities 

Air  springs,  see  Pneumatic  springs 

Airborne  equipment 

prediction  of  vibration  of,  38-S-5 

Airborne  weapons,  see  also  Captive  flight 
captive  flight  environment  on  propeller 
aircraft,  39-S-26 
captive  flight  vibration,  39-S-15 
cavity  resonance  in,  39-S-24 
criteria  for  qualification  tests,  39-S-33 
gunfire  environment  for,  39-S-27 
laboratory  vs  flight  vibration  response, 
39-S-33 

Aircraft,  see  also  specific  aircraft  such  as  A- 7, 
C-130,  C-133,  F-4,  F-lll,  RF-4C,  and  XB-70A, 
etc.. 


alrblast  on,  40-2-123 

elastic  response  to,  40-2-126 
plastic  response  to,  40-2-128 
catapult  launchings  of 

acceleration  measurements  for, 
40-6-47 

compatibility  with  engine,  41-3-55 
crash  loads  on,  38-3-165 

mathematical  analysis  of,  38-3-166 
response  of  mathematical  model  for, 
38-3-169 

simulation  of,  41-3-133 
damping  of  radar  antenna  for,  38-3-58 
effect  of  flight  parameters  on  captive 
flight  vibration,  39-1-208 
gunfire  environment  in 

acceleration  time  history  for,  41-4-134 
isolation  of  recoil  from,  39-4-251 
simulation  of,  41-4-37 
gun  system  for 

mathematical  analysis  of,  39-4-255 
landings  of 

acceleration  vieasurements  for, 
40-6-48 

braking  stops,  39-3-185 
vibration  of  landing  gear,  39-3-179 
modal  surveys  oi,  36-3-55,  39-2-63 
mode  tuning  for,  36-3-67 
suspension  system  for,  36-3-62 
noise  surveys  of,  41-4-161 

instrumentation  for,  41-4-163 
structures 

acoustic  excitation  of,  39-3-87 
airl  ,r!t  load  on,  40-2-125 
Clarkson’s  Method  for  prediction  of 
stress  in,  39-3-81’ 

comparison  of  mta:  ured  and  predicted 
stress  in,  39-3-9’ 
shock  analysis  of,  fO-2-123 

Aircraft 

vibration  of,  41-4-133 
vibration  icolation  in,  39-4-157 

Aircraft  carriers,  see  Ships 

Aircraft  seats 

ciash  simulator  for,  41-3-133 

Amplitude,  see  Displacement 

Amplitude  control  system 

dynamic  characteristics  of,  36-3-1  9 
response  limitation  of,  36-3-151 

Amplitude  distribution 

during  acoustic  tests,  38-1-4 

Analog  computers,  see  also  Computers,  Digital 
Computers  and  Hybrid  computers 
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for  analysis 

of  nonlinear  systems,  36-3-43 
of  scale  model  launch  vehicle,  40-3-208 
of  shock  data,  36-6-37 
of  shock  spectra,  36-6-43 
calculation  of  response  spectra  fay,  36-6-37 
for  damping  calculations,  40-  3-151 
for  estimation  of  fatigue  damage,  41-3-60 
frequency  stepping  circuit  for,  36-6-39 
for  real-time  analysis,  41-3-55 
for  simulation  of 

displacement,  39-6-53 
impact,  40-5-188 

motion  of  antenna  booms,  36-6-197 
vacuum  spring,  36-7-107 
vibration,  40-S-15 

Analog/digital  conversion 
data  system,  36-6-56 

development  of,  37-5-78 

Analysis,  see  subject  of  analysis  or  specific 
analyses  such  as  Dynamic  analysis 

Analyzers 

for  digital  analysis  of  shock,  36-6-21 
for  vibration,  36-6-49 

Anisotropic  materials 
analysis  of,  39-3-201 

Antennas 

airblast  tests  of,  37-4-151,  37-S-14, 
40-1-31,  40-1-45,  40-1-75,  40-2-101 
Whip 

analysis  of,  40-1-47 
criteria  for  materials  for,  37-S-8 
damping  of,  36-6-195,  39-4-1 
with  extendible  booms,  36-6-195 
design  of  simulated,  40-2-104 
dynam  c  analysis  of,  37-4-159,  40-1-45, 
40-1-70 
paraboloidal 

structural  dynamics  of,  41-6-103 
mathematical  model  of,  11-6-104 
•'atural  frequencies  of,  4 '-6-110 
predicted  vs  measured  response  to  airblast, 
40-1-39,  40-1-49,  40-1-83 
shipboard,  37-4-151,  40-1-31,  40-1-45, 
40-1-75 

Shock  hardening  of,  37-S-i 
simulation  of  motion  bv  analog  computer, 
36-6-197 

twang  test  on,  40-2-108 
wire  rope 

stress  analysis  of,  40-1-76 

Apolij  spacecraft 

acoustic  test  facility  for,  37-5-25 
acoustic  test  procedures  for,  39-2-112 


Command  module 

impact  attenuation  for,  38-3-255 
rynamlc  test  program,  37-5-89,  39-2-105 
equations  of  motion  for,  37-5-59 
evaluation  of  flight  vibration  data  for, 
37-5-100 

flight  vibration  environment  for,  37-5-90 
Lunar  module 

acoustic  tests  of,  37-5-109,  37-5-139 
acoustic  and  vibration  environments, 
37-5-139,  40-3-163 
engine  induced  vibration  for,  37-5-107 
flight  vibration  vs  ground  test, 
40-3-174 

launch  •■nvironment  fo* ,  37-5-106 
mat  hem.  tical  analysis  of,  39-3-55 
response  tc  vibration  and  acoustic 
excitation,  40-0-172 
structural  response  of,  37-5-150 
vibration  of,  *0-3-166 
vibration  tests,  37-5-105,  37-5-142 
random  vibration  criteria  for,  39-2-107 
Service  Module 

response  to  pyrotechnic  shock, 
37-4-15 

shock  spectr  ?-\r,  37-4-23 
vibration  test  program  for,  37-5-154 
vibroacoustic  test  of,  36-3-39 
“Short-Stack” 

combined  environments  test  program, 
40-3-211,  40-7-99 

Spacecraft  Lunar  Module  Adapter  (SLA) 
vibration  characteristics  of,  37-5-58 
structural  analysis  of,  39-3-55 
vibration  qualification  for  components 
of,  37-5-153 

vibration  test  procedures  for, 
39-2-110 

Apparent  weight 

definition  of,  37-3-62,  41-4-30,  41-4-110 
and  input  force  spectrum,  41-4-113 
simulation  of,  36-3-47,  37-3-64 

Applications  Technology  Satellite  (ATS) 
combined  environment  tests  oi, 

37-5-175 

design  and  analyses  of,  36-7-41 
natural  frequencies  of,  36-7-55 
qualification  test  levels  for,  36-7-58 
response  spectra  for,  36-7-50 
\ibration  characteristics  of,  36-7-48 

Arches,  see  Hinged  arch 

Armament  systems 

design  of  recoil  adapters  for,  39-4-251 

Army  equipment 

field  tests  of,  39-v-l 
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Asymptotic  method 

for  determining  response  to  vibration, 
41-4-128 

Atlas  Booster 

dynamic  analysis  of  cannister  tethered  to, 

40- 4-225 

Atlas/ Agena-D  launch  vehicle 

noise  measurements  on.  56-7-89 

Attenuation,  see  Shoot  isolation  and  Vibration 
isolation 

Autocorrelation  functions 

from  optical  systems,  36-6-98 
power  spectra  and,  37-2-90 

Automobiles 

crash  hazards  for,  38-3-327 

dynamic  tests  of.  40-4-89 

protective  system  for  impacts  of,  38-3-329 

response  to  dynamic  tests,  40-4-94 

safety  criteria  for,  38-3-325 

vibration  isolation  in,  38-3-317 

Auxiliary  vibration  table 

for  electrohydraulic  vibration  exciter, 

41- 3-113 

Averaging  method  of  Ritz,  40-5-262 

Averaging  techniques 

for  control  of  vibration  tests,  36-3-139, 
37-3-75 

B 

Balancing 

of  shafts,  41-6-204 

Ball  peening  tests,  37-2-41 

Base-  strain  sensitivity  tea‘s 
on  accelerometers,  37-2-44 

Bayesian  statistics 

in  structural  reliability,  36-7-31 

Beam-  columns 

stiffness  matrix  of,  40-4-187 

Beams 

Bernoulli-  Euler 

frequency  parameter  tor,  31  -3-49 
oilinear  hysteretic 

mathematical  model  of,  41-5-28 
propagation  of  yielding  in,  40-4-81 
response  spectra  for,  41-5-30 


cantilever 

dynamic  analysis  of,  39-3-130,  40-4-1 
failure  analysis  of,  37-4-50 
finite  elements  for,  41-7-53 
influence  coefficients  for,  37-2-61 
lumped  mass  mathematical  models 
for,  41-7-55 

mechanical  impedance  erf,  40-7-65 
normal  modes  of,  39-3-134 
stresses  in,  40-4-1 
clamped- clamped,  36-4-10 
composite 

damping  of,  36-4-37,  38-3-13,  41-2-133 
dynamic  characteristics  of,  36-4-28 
flexural  vibrations  in,  38-3-18 
with  compound  sidebranch  resonator 
dynamic  analysis  of,  41-6-211 
computer  programs  for,  38-1-76 
conical 

mathematical  model  of,  37-2-177 
crack  detection  in,  38-1-55 
critical  buckling  loads  for,  40-4-49 
cross- correlation  analysis  of  cracks, 

38-1-55 

damped 

acoustic  tests  of,  41-2-109 
analysis  of  errors  in  calculations, 
41-2-135 

dynamic  analysis,  36-4-50 
loss  factors  for,  38-3-8,  39-1-167 
mechanical  impedance  analysis, 

41-7-53 

multilayer,  40-5-40  ,  41-2-121 
symmetric  and  unsymmetric,  36-4-43 
unconstrained  layer,  40-5-47 
vibration  of.  39-4-53 
design  charts  for,  39-3-52 
discrete  models  of,  41-6-163 
dynamic  analysis  of,  38-1-67,  40-4-37, 

40- 4-81,  40-4-187,  41-6-47,  41-6-123, 

41- 6-133,  41-6-163,  41-7-51 
failure  analysis  for,  37-4-43 
finite  element  analysis  of,  38-1-10, 

41-6-123,  41-7-51 

as  foundations  for  machinery,  39-1-124 
free-free,  37-3-93,  38-1-67,  40-4-35 
holography  for  shock  analysis  of,  40-7-38 
holography  in  study  of  vibration  of,  40-7-34 
laminated 

analysis  of,  36-4-81 
loss  factors  for,  36-4-83 
mathematical  analyt  s  of,  39-3-6 
modal  density  of,  39'  )■  1 
vibrations  of.  40-5-2/7 
lumped  mass  matrix  for,  41-6-123 
lumped  parameter  analysis  of,  36-6-117 
mathematical  model,  38-2-13 
mechanical  impedance  of,  38-2-222, 

41-7-51 
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modal  analysis  of,  39-3-143,  40-4-50, 
41-6-136 

modal  effective  mass  of,  39-3-145 
mode  numbers  of,  36-4-86 
mode  shapes  of,  38-3-122,  41-8-164, 
41-6-211,  41-7-51 
moment  curvature  relationship  for, 

41-6-147 

with  moving  point  loads 

forced  vibration  of,  41-6-49 
natural  frequencies  of,  39-3-49,  40-4-2, 

40- 4-49  ,  40-5-277,  41-6-164  ,  41-6-211, 

41- 7-51 

nonlinear,  41-5-29 
non-uniform,  38-1-69 
pinned,  36-4-55 
reinforced  concrete,  38-2-133 
resonant 

high  acceleration  vibration  tests 
using,  39-2-71 
as  tuned  dampers,  39-4-19 
response  of 

to  moving  pressure  loads,  40-4-47 
to  shock,  40-4-3,  41-5-27 
static,  38-2-158 

root  errors  in  frequencies  for,  41-6-137 
scale  model,  39-3-39 
shock  loads  on,  41-3-64,  41-6-147 
simply-supported,  36-5-77,  37-4-53, 
38-1-11 

Timoshenko,  40-4-2 

vibration  of,  38-3-13,  39-3-49,  40-2-40, 
40-4-47,41-6-163 
vibration  analysis  of,  40-5-277 
viscoelastic  sandwich,  38-3-13,  39-4-117 
wedge  shaped,  41-6-139 

Beam  spring  systems 

couplea  bending  and  torsional  vibration 
of,  36-8-121 

Bearings 

dynamic  response  of  gas  lubricated, 
38-3-221,  40-3-275 
instrumentation  for  dynamic  tests  of, 
40-3-277 

oil  squeeze,  38-3-45 

procedures  for  dynamic  tests  of,  40-3-280 
test  facility  for,  38-3-222 

Belleville  spring,  41-2-57 

Bending  frequencies 

of  non-uniform  shafts,  38-2-169 
of  railroad  cars,  40-6-115 

Bending  modes,  see  also  Modal  characteristics 
and  Normal  modes 
of  beams,  38-1-67 

comparison  of  test  and  theoretical.. 39-  2-139 


of  frames,  38  -2-220 

Bending  moments  ' 

in  beams  with  moving  point  lofeds,  41-6-55 

Bibliography 

on  vibration  equivalence,  39-2-190 

Blast,  see  also  Air  blast 
from  weapons 

effect  on  AH-56A  helicopter,  40-1-70 
effect  on  CH-47A  helicopter,  40-1-67 
effect  on  UH-1B  helicopter,  40-1-63 
helicopter  response  to,  40-1-61, 
40-2-227 

prediction  of  field  of,  39-6-139 
prediction  of  loads  on  helicopters, 
40-2-231 

scaling  laws  for,  39-6-141 

Blast  closures 

full-scale  and  model  valves 

comparison  of  overpressures  for, 
40-2-136 

response  to  air  blast,  40-2-133 
Blast  leads 

stress  analysis  of  submerged  structures, 
40-7-203 

on  targets,  41-1-  36 
Blast  waves 

characteristics  of,  41-1-36 
damage  potential  of,  41-5-1 1 
drag  coefficients  for  cylinders  in, 40-2-83 
interaction  with  helicopters,  40-2-228 

Bombs 

low  drug 

flight  vibration  tests  of,  41 -S-  33 
Boosters,  see  Launch  vehicles  and  Missiles 
Bond  strength 

of  liquid  squeeze-films,  39-2-77 

Boundary  layer  noise,  see  also  Sound  pressure 
levels 

for  Apollo  spacecraft,  37-5-28 
comparison  of  sources  of,  37-7-78 
correlation  coefficients  for,  37-5-63 
joint  acceptance  for,  37-5-65 
on  launch  vehicle,  36-5-97 
predictions  of.  39-6-105,  41-7-4 
structural  response  to,  36-5-102,  40-3-03 
in  weapons  bav  of  F-111B  aircraft, 
39-6-105 

Brake  squeal 

in  aircraft  landing  gear,  39-3- 179 
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Bridges 

dynamic  analysis  of,  41-4-99 
vibration  tests  of,  41-4-101 
modal  analysis  of,  41-4-106 

Buckling  loads 

on  viscoelastic  sandwich  beams,  39-4-118 
BuffeH\g 

of  Titan  IH  models,  37-3-121 
Buildings 

mass-spring  model  of,  38-2-190 
Bullpup  Missile 

rocket-propelled  sled  tests  of,  39-1-179 
Bump  tests 

of  communications  equipment,  39-6-15 
design  of  machines  for,  39-6-15 
as  a  quality  control  tool,  39-6-18 

C 

C-130  aircraft 

power  spectral  density  on,  37-7-29 
C-133  aircraft 

power  spectral  density  on,  37-7-32 
Calculator 

for  critical  damping,  38-3-89 
Calibration 

of  accelerometers,  37-2-17,  41-3-1 
of  charge  amplifiers,  36-6-212 
by  comparison,  36-6-193 
of  high-frequency  microphone,  37-2-7 
laser  for,  37-2-1 

for  launch  phase  simulator,  36-6-207 
shock  test  facilities  for  40-2-205 
of  vibration  exciters  36-6-183 

Cantilever  beams,  see  Beams 

Captive  Air  Space  Craft  (CASC) 
concept  of,  41-1-1 

Captive  airborne  weapons,  see  Airborne  weapons 
and  Captive  flight 

Captive  flight,  see  also  Airborne  weapons 
environment 

AJM-4D  missile,  37-1-125 
for  airborne  weapons,  39-S-15 
data  analysis  of,  39-1-208 
of  FAE  weapon,  40-S-56 
of  helicopter  trap  weapon,  40-S-54, 

40- S-  58 


instrumentation  for  vibration  test  for, 
40-6-15 

measurement  of,  37-1-1/8,  37-1-195 
for  Phoenix  Missile,  39-6-77,  39-6-93 
predicted  vs  measured,,  39-6-80, 
39-S-27 

problems  in  simulation  of,  40-6-61 
on  propeller  aircraft,  39-S-26 
simulation  in  wind  tunnel,  40-3-9 
specification  of  vibration  tests  for, 

39- 1-212 

for  Standard  Antiradiation  Missile 
(AuM),  40-6-68 

for  SUU-36  munitions  dispenser, 

40- 6-9 

for  SUU-38  munitions  dispenser, 

41- 5-89 

vibration  test,  40-S-48 
vibration 

of  airborne  weapons,  40-6-9,  41-S-25, 
41-S-33 

effect  of  aircraft  flight  parameters 
on,  39-1-208 

of  FAE  weapons,  40-S-47 
of  helicopter  trap  weapons,  40-S-47 
versus  MIL-3TD-810A,  37-S-115 
of  missiles,  39-1-195,  40-S-67 
panel  discussion  on,  40-S-83 

Captive  tests,  see  Static  firing  tests 

Cargo,  see  Packaged  equipment 

Catenary  horns,  see  Acoustic  test  facilities 

Cavitation 

effects  on  response  of  hulls  to  underwater 
explosions,  41-S-50 
in  underwater  explosions,  41-S-49 

Cavity  resonance 

in  captive  airborne  weapons,  39-S-24, 
40-6-11 

Centrifuges,  see  Launch-phase  simulator 
CH-47  helicopter 

distribution  of  induced  velocity  on, 37-6-6 
reduction  ol  vibration  in,  40-5-1S1 
response 

to  blast  of  weapons,  40-1-67 
CH-53  helicopter 

compatibility  of  turbine  engine  with 
airframe,  39-3-17 

Chaparral  missile 

transportation  tests  of,  39-2-37 
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Charge  amplifiers 

calibration  of,  36-C-212 

Chatter 

in  aircraft  landing  gear  struts,  39-3-179 
computer  program  for  simulation  of, 

39- 3-188 

Chladni  figures 

for  vibrating  panels,  39-3-11 

Clarkson’s  Method 

for  prediction  of  stress  in  aircraft 
structures,  39-3-88 

Columns 

mathematical  analysis  of,  39-3-248, 

41-6-2 

parametric  response  to  shock  loads, 

40- 2-115 

parametric  response  spectra  for,  39-3-247 
parametric  vibration  of,  41-6-1 
response  to  shock  pulses,  40-2-117 
unstable  regions  for,  41-6-5 

Combined  environmental  tests,  see  also  Launch 
Phase  Simulator 

of  Apollo  short  stack,  40-3-211 
data  acquisition  for,  40-7-99 
facilities  for,  36-3-119,  37-3-175,  40-2-51, 
40-3-293 

load  control  systems  for,  40-3-225 
use  of  regression  analysis  in,  36-6-83 
of  shipboard  electronic  equipment,  36-6-83 
of  spacecraft,  37-5-175 
on  subsystems  of  Orbiting  Astronomical 
Observatory,  40-3-189 
of  timers,  40-3-293 

Combined  environments 

effects  on  electronic  equipment,  36-C-83 
failure  of  structures  from,  39-3-67 

Combustion  instability  tests 

on  the  Saturn  IB  Satu-i  launch  vehicle, 

40- 4-109 

Complex  structures 

analysis  of  mechanical  impedance  for, 

38-2-271 

dynamic  analysis  of,  39-3-153 
stress  waves  in,  36  2-33 
vibration  analysis  of,  39-3-99 

Component  mode  synthesis 
theory  of,  41-6-116 

for  vibration  ^nalvs’s  of  rocket  notors, 

41- 6-115 

Components,  see  also  Electronic  components 


criteria  for  vibration  of,  37-7-200 
qualification  by  acoustic  tests,  37-5-153, 
37-S-43 

synthesis  into  mathematical  model  of 
structure,  38-2-198 
vibration  tests  of,  37-5-4,  38-1-87, 

39-2-71 

Composite  loss  factor 

for  space-damped  structures,  38-3-32 

Composite  materials 

acoustic  tests  of,  39-4-101 
dynamic  characteristics  of,  36-4-95 
predicted  and  experimental  characteristics, 
36-4-104 

shock  wave  propagation  in,  41-5-69 
vibration  of  fiber-reinforced,  39-4-81, 

39- 4-93 

Composite  structures 

damping  in,  38-3-24,  38-3-57 

Compressed  air  launchers,  see  Shock  test 
facilities 

Computer  programs 

for  analysis  of  ground  motion,  SPECANAL. 
41-6-79 

for  analysis  of  shipboard  vibration, 
36-6-115 

for  brake  squeal  simulation,  39-3-188 
for  chatter  simulation,  39-3-188 
for  combined  environments  test,  40-7-107 
for  dynamic  analysis 

of  antenna  nrnst,  40-2-  i0o 
of  gas  turbine:;,  39-3- i  1 
of  shipboard  equipment,  40-1R-2 
of  structures,  37-2-173,  40-7-178 
Dynamic  Design  Analysis  Method  (DDAM), 
36-6-101,  39-1-61 
FAST 

for  evaluation  of  hardness  of  weapon 
systems,  41-5-135 

FORTRAN  IV  language,  36-6-105,  36-6-131 
for  line  solution  method,  38-2-167 
MARS,  37-2-190 

for  mechanical  receptance,  38-2-242 
for  modal  combination,  38-2-139 
NASTRAN,  39-1-62,  41-6-203 
for  normal  mode  analysis,  36-6-101 
for  on-line  data  analysis,  40-7-117 
for  perturbation  analysis  (PTURB), 

40- 7-179 

for  p:  opagation  of  shock  waves,  40-4-135 
for  response  of  panels  to  boundary  layer 
noise,  40-3-63 

for  response  of  tower  to  ground  shock 
pDYNE),  41-6-82 

for  shock  analysis,  36  -  6- 131.  40-7-153 


for  shovk  spectra,  36-2-12 
for  structural  analysis 
of  beams,  38-1-76 
of  helicopters,  ‘*0-2-238 
of  complex  structures,  37-2-173 
Structural  Analysis  Matrix  Interpretive 
System  (SAMIS),  38-2-139,  41-6-115 
for  study  of  isolation  systems ,  38-3-214, 
38-3-295 

Computers,  see  also  Analog  computers 
Digital  computers  and  Hybrid  computers 
calibration  of  vibratie  i  exciters  using, 

36- 6-183 

for  dynamic  analys's,  36-6-101 
flow  diagrams  for  stiffness  analysis  on, 

37- 6-22 

graphic  techniques  in  analysis  of 
structures,  40-4-41 

optimum  shock  isolators  using,  39-4-185 
vibration  test  of,  37-3-78 

Concrete 

dynamic  properties  of,  39-4-201 
properties  of  crushable,  39-4-202 
for  shock  isolation,  39-4-199 

Cones 

stress-time  history  for  truncated,  40-4-131 

Consistent  mass  matrix 
for  beams,  41-6-123 

Contained  equipment,  see  Packaged  equipment 

Containers,  see  also  Shipping  containers 
missile 

snock  test  facility  for,  37-4-137 
suspension  systems  for,  39-6-57 

Continuous  systems 

transient  response  of,  38-2-112 

Control  system 

for  transient  waveforms  on  electrodynamic 
vibration  exciters,  40-2-160 

Co-phasors 

definition  of,  37-2-77 

Co  quad  analysis 

description  of,  41-3-37 
phase  plotting  for,  37-2-77 

Correlation,  see  also  Cross  correlation 
Cook's  theory  of,  39-2-89 
effect  of  chamber  geometry  on  noise 
field,  39-2-93 

of  flight  vehicle  vibration  response, 

37-7-77 


point-to-point 

of  sound  pressure  levels  in 
reverberation  chambers,  39-2-87 
in  projectile  —  target  interaction  analy  sis 

37- 1-121 

Cor.  elation  analysis,  37-7-81 

Correlation  coefficients 

for  boundary  laye-  turbulence,  37-5-63 
for  reverberant  acoustic  ueld,  37-5-65 

Correlation  'unctions 
for  panels,  ‘0-3-59 

Coulomb  damping,  see  Damping 

Coupling,  see  also  Cross- coupling  and 
Dynamic  coupling 

in  statistical  energy  analysis,  38-S-ll 
theory  of  receptance,  38-2-240 

Crack  detection 

in  beams,  38-1-5J 

Crash 

hazards  for  automobiles,  38-3-327 
response  u!  aircraft  during,  38-3-165 

Crash  energy  dissipators,  39-4-236 

Crash  injuries 

design  of  an  automobile  for  reduction  of, 

38- 3-325 

Crash  simulation 

on  scale  model  of  aircraft  fuselage, 
38-3-171 

scale  models  for,  39-4-230 

Crashworthiness 

of  automobiles,  38-3-325 

test  facility  for  aircraft  seat,  41-3-133 

Creep 

of  composite  materials,  36-4-95 

Critical  damping 

calculator  for,  38-3-89 

Critical  flutter,  see  Galloping 

Critical  speeds 

damping  for  control  of,  38-3-45 
of  propeller  shafts,  36-6-121 
of  shafts,  41-6-203 

Cross  correlation,  see  also  Correlation 
analysis  of  cracks  in  beams,  38-1-55 
coefficient 
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definition  of,  39-2-90 
functions 

definition  of,  39-2-89 
for  optical  systems,  36-6-98 
between  random  vibration  inputs,  39-2-51 

Cross- coupling 

between  vibration  exciters,  37-3-155 

Cross- motion 
criteria 

in  vibration  tests,  40-6-64 
reduction  of,  39-2-157 

Cross-power  spectral  density,  see  also  Power 
spectral  der  sity 

definition  of,  39-2-90 
of  generalized  force,  40-3-60 
by  recursive  filtering,  36-6-65 

Crosstalk,  see  Cross-motion 

Crushable  structures,  see  also  Yielding 
structures  and  Honeycombs 
design  criteria  for,  41-2-95 
scale  models  in  study  of,  39-4-227 
as  shock  isolators,  39-4-199 

Crystal  accelerometers,  see  Accelerometers 

Cyclic  deformation 

energy  absorption  by,  38-3-255 

Cylinders 

air  blast  tests  of,  40-2-83 
analysis  of  multilayered,  40-4-127 
fluid  induced  vibrations  in,  41-6-31 
flutter  of,  40-3-308 
response  of 

to  acoustic  excitation,  36-  5- 104 
to  boundary  layer  noise,  36-5-102 
self-excited  vibrations  of,  40-3-303, 
41-6-31 

stability  analysis  of,  41-6-33 
vibration  analysis  of,  36-5-107 

Cylindrical  shells 

Hamilton’s  Principle  in  dynamic  analysis 
of,  40-3-134 

torsional  vibration  of,  36-5-115 
D 

Damage,  see  also  Fatigue  damage 

boundaries  for  packaged  equipment, 
40-6-127,40-6-133 
to  eggs  during  impact,  4’ -3- 11 
prediction  for  o'  en-frai  structures, 

38-2-177 

from  pyrotechnic  shock,  41-5-10 


shock 

criteria  for  structures,  40-2-31 
mechanisms  for,  37-4-71 
to  shipboard  equipment,  39-1-1 
of  structures 

probability  for  combined  environments, 

39- 3-65 

from  underwater  explosions,  37-4-71 
Damping 

in  air  versus  a  vacuum,  36-4-75 
analog  computer  simulation  of,  40-5-151 
analysis  of  multifrequency,  38-3-74 
of  antennas  36-6-195,  39-4-1,  40-5-4, 

40- 5-147  ' 
of  beams 

by  constrained  layers,  38-3-5. 

38-3-13,  39  4-53  ,  40-5-40,  41-2-121, 
41-2-133 

errors  in  calculation  of,  38-3-25 
mathematical  analysis  of,  41-2-133 
modele  for,  36-4-65 
by  unconstrained  layers,  36-4-37, 

40- 5-47 

calculator  for,  38-3-39 
characteristics  of  thrust  bearing,  40-3-262 
concept  of  single-particle  impact,  39-4-1 
considerations  for  vibration  test  levels, 
39-2-153 

for  control  of  critical  speeds,  38-3-45 
coulomb 

effect  of  system  response,  36-1-47 
in  cylindrical  shells,  38-3-121,  39-1-155 
effect 

on  dynamic  load  factors,  41-S-4f 
of  errors  on  measurements,  38-3-153 
on  response  of  loose  systems  to 
vibration,  41-6-39 
on  response  of  mechanical  systems 
with  gaps,  41-6-42 
on  upper  and  lower  bounds  of  shock 
spectra,  40-2-223 
evaluation  of  coefficient,  36-4-69 
extensional 

attenuation  of  acoustic  noise  using, 
38-3-199 

dynamic  properties  of  materials  with, 
38-3-202 

in  flight  configuration  of  Upstage  vehicle, 

41- 6-23 

with  grooved  slider  on  rotating  shaft, 
38-3-112 

for  helicopter  rotor  systems,  41-2-141 

at  high  temperatures,  36-4-25,  38-3-57 

impact,  39-4-3 

inelastic,  40-5-61 

of  joints  in  structures.  36-4-1 

at  low  temperatures,  36-4-25,  38-3-57 

in  machinerv  foundations,  36-4-81, 

38-3-1.  39-1-143,  39-1-167 
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materials 

characteristics  of,  40-5-1,  40-5-37 
composite,  36-4-95 
criteria  for  effectiveness,  38-3-200 
effect  of  test  sample  geometry  on, 
40-5-109 

evaluation  of,  40-5-105 
stress-strain  properties  of,  40-5-62 
of  multi-modal  vibrations,  36-4-49 
nonlinear 

absolute  displacement  transmissibility 
for,  40-5-32 

isolation  of  vibration  with,  40-5-19 
in  launch  vehicle  structures,  40-5-261 
shock  isolation  with,  41-2-21 
in  pipes,  39-1-143 
use  of  oil  for,  38-3-45,  41-3-7 
of  plates,  39-4-63,  40-5-93  ,  41-2-106 
for  reactor  fuel  assembly,  36-4-72 
relaxation,  40-5-203 
in  scale  models,  36-4-1 
in  shim  spring  vibration  isolator,  37-3-165 
in  ships,  40-S-7 
for  silencing  of  ships,  41-2-151 
single  frequency,  38-3-72 
of  sonar  domes,  41-1-13 
spaced,  39-1-167 
of  structures 

during  acoustic  excitation,  41-2-105 
aerospace,  40-5-1 
analysis  of,  38-2-271 
comparison  of  evaluation  systems 
for,  38-3-89 

using  constrained  layers,  38-3-71 
effect  of  air  on,  36-4-75 
effects  on  mechanical  impedance, 

40- 3-236 

at  extreme  temperatures,  38-3-57 
by  impact,  39-4-1 
inelastic,  40-5-61 
in  joints,  36-4-1 

by  multi-layered  treatments,  39-4-31, 
39-4-53,  41-2-121 
resonant  beams  for,  39-4-19 
skin-stringer,  39-4-31 
for  sonic  fatigue  resistance,  40-5-49 
with  stiff  members,  38-3-29 
using  vibration  absorber,  40-5-147 
viscoelastic  materials  for,  36-4-9, 
36-4-25,  36-4-49,  38-3-121,  38-3-139 
of  variable  resonant  vibration  exciter, 

38- S- 3 

using  vibration  absorber,  37-6-57 
with  viscoelastic  materials 

of  aerospace  structures,  40-5-1 
using  constrained  layers,  38-3-37, 

39-1-143,  39-4-53,  40-5-37,  40-5-93, 

41- 2-121,  41-2-133 
determination  of  properties,  36-4-37, 

39-4-11,  41-2-133 


effects  of  frequency  on,  38-3-156 
effects  of  temperature  on,  38-3-156 
evaluation  of  effectiveness  of,  40-5-105 
at  extreme  temperatures,  36-4-25, 

38- 3-57,  41-2-125 

of  helicopter  vibrations,  41-2-141 
measurements  of,  38-3-151 
multifrequency  response  of,  38-3-71 
for  multi- span  structures  with, 

36-4-49 

of  radar  antenna,  38-3-58 
viscous 

approximation  of,  40-5-23 

using  a  mechanical  system,  38-3-111 

Data  acquisition 

for  air  blast  tests,  40-2-105 
of  aircraft  vibration,  37-l-i34 
of  captive  flight  environments,  57-1-135, 

39- 6-93,  40-S-47 

for  combined  environments  tests,  40-7-99 
with  constant  bandwidth  FM  system, 
37-2-109 

for  helicopter  ground  vibration  survey, 
36-3-76 

on-line  digital  computers  for,  40-7-99 
of  transportation  envirt aments,  36-6-163, 

40- 7-45 

Data  analysis 

of  acceleration  data,  38-2-113 

for  acoustic  tests,  37-5-77,  37-S-35 

of  aerodynamic  noise,  37-3-208 

from  air  blast  tests,  40-2-84 

of  boundary  layer  noise,  39-6-106 

for  combined  environments  tests,  40-7-99 

digital  systems  for,  40-7-115,  41-5-39 

of  dynamic  en\ironments,  41-3-55 

equipment  for  mapping  of  mode  shapes, 

39- 2-64 

of  flight  data,  37-1-139 

of  gunfire  environment,  37-7-206,  41-4-46, 

41- 4-203,  41-4-210 

of  helicopter  noise,  37-S-74 

for  high-force  vibration  tests,  37-3-143 

of  Mariner  flight  data,  37-4-5 

for  mechanical  impedance,  41-5-54 

on-line  digital  computers  for,  36-6-57, 

40- 7-99  ,  40-7-115 

using  optical  systems,  36-6-91 
panel  discussion  on  proposed  standard, 
39-6-7 

philosophy  of,  41-3-81 
of  shock 

automated  system  for,  36-6-21 

desiderata  for,  36-6-22 

on  gun  set-back  acceleration,  36-2-55 

pyrotechnic,  37-4-21 

on  simulatoi  for  human  head  impact, 

39- 5-96 
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of  tests  on  munitions  dispenser, 
41-5-94 

of  transportation  environments,  37-7-19, 

39- 6-34 

(4  vibrations 

assembly  level  tests,  37-5-129 
during  captive  flight,  37-S-109, 
39-1-208,  39-6-106,  40-S-47 
flow  chart  for,  40-7-230 
in  helicopters,  37-  S-  74 
from  large  electrohydraulic  test 
system,  41-3-115 
missiles,  37-7-98''--^^ 
with  on-line  digital  computer^. 
36-6-57,  40-7-99 

from  pulsed  random  tests,  40-3-273 
from  Saturn  tests,  36-6-55 
of  shells,  39-3-107 
shipboard,  36-6-67 
on  spacecraft  in  flight,  37-7-176 
techniques  for,  36-6-47,  39-6-122 
for  wind  tunnel  test,  37-7-224 

Data  reduction,  see  Data  analysis 

Deceleration 

of  projectile  during  impact,  41-5-70 
Deceleration  detdce 

for  protection  of  test  specimen,  39-2-12 
Decks 

effect  of  equipment  mass  on  shock  motion, 

40- 1-1 

Deckhouses 

mathematical  models  of,  39-1-111 

Deflection,  see  Displacement 

Delta  launch  vehicle 

noise  measurements  on,  36-7-89 

Design,  see  specific  items  being  designed 

Design  criteria 

for  active  vibration  isolators,  39-4-159 
for  Advanced  Orbiting  Solar  Observatory 
(AOSQ),  36-7-66 
for  ATS-B  spacecraft,  36-7-41 
for  ciushable  structures,  41-2-95 
for  deckhouse  structure,  39-1-111 
foi  electronic  components,  37-4-100 
for  focal  isolation  system,  38-3-268 
for  Hawk  suspension  system,  41-2-160 
lor  impact  limiters,  40-2-183 
for  Inverting  tube  shock  isolator,  41-2-89 
for  sldd  isolators,  39-4-180 
for  universal  test  fixture,  39-2-177 
for  unmanned  spacecraft  structures, 
40-3-96 


for  vibration  test  fixtures,  36-3-102 
Design  philosophy 

for  dynamic  test  facilities,  41-3-119 
Design  procedure 

for  shock  isolation  system,  41-2-68 
Destroyers,  see  Ships 

Detonations,  see  Gas  detonations  and  Nuclear 
detonations 

Digital  computers,  see  also  Analog  computers, 
Computers,  and  Hybrid  computers 

in  analysis  of  fatigue  damage,  36-5-17 
for  analysis  of  mechanical  impedance, 

41-5-53 

calculation  of  shock  spectra  by,  36-6-131 
for  control  of  waveforms  of  shock  tests, 
40-2-157 

for  design  of  shipboard  equipment,  39-1-55, 

39- S-55 

for  determining  mini- max  response, 

36-5-71 

In  dynamic  analysis  of  antennas,  40-1-75 
in  dynamic  analysis  of  helicopter 
structures,  40-1-61 
for  Dynamic  Design  Analysis  Method 
(DDAM),  36-6-101 
dynamic  programming  for,  36-5-74 
dynamic  response  of  aircraft  using, 

38- 3-169 

for  modal  analysis  of  structures,  41-7-12 
on-line  application  for  data  analysis, 

36- 6-57,  40-7-99,  40-7-115 

in  optimization  of  structures,  39-1-63 
programs 

for  analysis  of  fatigue  damage,  36-5-25 
comparison  of,  36-5-65 
for  dynamic  analysis,  36-7-45,  39-1-59 
in  shock  analysis,  40-7-153,  41-5-39 
for  simulation  of  overturning  of  structures, 

37- 4-193 

for  structural  analysis,  38-2-139,  40-4-41, 

40- 4-63 

for  vibration  analysis,  36-6-51,  36-6-115, 
37-2-57,  38-3-295 

Digital  recording  systems 

for  transportation  environments,  36-6-163 

Dimensional  analysis 

in  scaling  of  performance  of  shock  tubes, 

39- 5-55 

Dirac  delta  function.  36-5-119 

Direct  stiffness  method 

for  analysis  of  structures  with  rotating 
elements,  40-4-41 


1  5 


for  dynamic  analysis  of  continuum  bodies, 
36-5-55 

in  finite  element  analysis,  36-5-56 
in  helicopter  vibration  analysis,  40-4-48 
for  prediction  of  vibration,  37-6-20 

Displacement 

amplifier  for  shock,  41-3-149 

bounds  for  rigid  plastic  structure,  37-4-74 

calculation  from  random  vibration  data, 

40- 3-2 

of  composite  panels,  39-3-191 
differential  across  structures,  40-2-1 
vs  frequency  for  electrohydraulic  test 
system,  40-5-249 

of  guideway  structures  for  tracked  air 
cushion  vehicles,  40-4-57 
of  imperfect  columns,  39-3-247 
isometric  representation  of,  36-7-133 
limiting  device  for  vibration  exciter, 
39-2-11 

mathematical  analysis  of  railroad  car, 
39-6-52 

measurement  of 

design  of  system  for,  40-7-18 
using  holography,  41-3-63 
using  a  multiple-beam  interferometer, 
37-2-13 

proximity  probes  for,  40-7-17 
of  shells,  38-2-84,  40-3-46 
test  facility  for  simulation  of  large, 

41- 3-149 

transfer  functions  for  lumped  parameter 
systems,  38-2-111 

Displacement-time  history 

during  crash  of  vehicles,  39-4-231 
for  Partial  Full  Scale  Test  Machine, 

39- 4-222 

for  sonar  transducers,  41-1-30 
for  spherical  structures,  41-7-98 
of  tower,  41-6-84 

Displacement  transmissibility 

for  nonlinear  vibration  isolation  system, 

40- 5-32 

Distributed  mass  systems 

response  to  base  motion,  37-4-48 

Distributed  parameter  system 

calculation  of  modal  response  suppression 
factor  for,  38-2-277 

Drag  coefficients 

for  cylinders  in  blast  wave,  40-2-83 
Drag  loads 

from  air  blast,  40-2-104 


Dragon  Missile 

vibration  tests  of,  40-3-268 

Drop  ball  test 

impulse  by,  37-2-21 

Drop  height 

effect  of  package  size  cm,  37-7-14 
effect  of  package  weight  on,  37-7-13 
recorder  for  pacloges,  39-6-19 
during  rough  handling,  37-7-4 

Drop  test  machines,  see  Shock  test  facilities 

Drop  tests 

on  different  surfaces,  36-6-175 
rotational,  39-4-181 

Ducts 

procedures  for  vibration  tests  of,  40-5-66 
Duhamel  integral 

calculation  of  spectra  using,  36-2-12 

Dynamic  analysis,  see  also  Modal  analysis, 
Shock  analysis,  Mathematical  analysis, 
Structural  analysis  and  Vibration  analysis 
of  aerospace  vehicles,  41-7-151 
of  ammunition  conveyor  systems,  40-4-115 
of  anisotropic  materials,  38-3-201 
of  ballistic  range  models,  40-4-127 
of  beams,  41-6-211 

component  mode  synthesis  for,  41-6-115 
computer  flow  diagrams  for,  37-6-22, 
40-1R-6 

of  conservative  systems 

Lagrange  equations  for,  41-6-87 
Liapunov’s  functions  for,  41-6-88 
consideration  of  joints  in,  37-2-182 
cylinders,  41-7-93 

digital  computer  programs  for,  36-7-45, 
40-1R-2,  40-4-63,  41-6-203  ,  41-6-115 
by  direct  stiffness  method,  36-5-55 
of  driver  section  for  shock  tube,  37-4-131 
Dynamic  Substructure  Method  in,  39-1-58 
elasticity  of  launch  rail  in,  41-6-225 
elastic-plastic,  37-1-25,  39-5-1,  40-4-67 
of  electronic  equipment,  37-4-97,  38-2-11, 
39-3-117 

of  equipment,  40-2-215 
of  equipment- foundation  system,  38-2-210 
finite  element  method,  38-1-7,  39-1-56, 
39-3-129 

flow  path  for,  41-6-179 
of  fluid- filled  shells,  38-2-79 
of  fluid  filled  tubes,  41-7-144 
of  foundations,  39-1-123 
of  gas  turbine,  39-3-21 
of  grillages  for  ships,  40-  7-207 
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of  helicopter  structures,  39-3-17,  40-1  -61 
of  hinged  arches,  41-6-90 
improvement  of  mathematical  model  fjr, 
36-5-1 

of  inertial  guidance,  40-3-257 
use  of  influence  coefficients  in,  36-6-101, 

38-2-50 

interface  between  stress  analysis  and, 
41-6-179 

of  isolation  system,  41-2-160,  41-5-129, 
41-5-155 

of  launch  loads,  38-2-67 

of  launch  vehicles,  40-3-205 

of  launch  vehicles/spacecraft  interface, 

40- 3-79 

line  solution  method,  38-2-163 
of  lumped  parameter  systems,  38-2-57, 

38- 2-274,  39-3-153 
mass  matrix  in,  37-2-187 
mechanical  impedance  in,  38-2-8 

of  nonconservative  systems,  41-7-141 
of  non-linear  systems,  39-5-1 
normal  mode  method,  37-4-91,  41-2-105 
of  partially  filled  shells,  41-7-151 
preliminary  planning  for,  38-2-1 
problems  in,  41-2-1 
of  railroad  cars,  40-6-109 
of  re-entry  vehicles,  39-1-223 
of  rotor  bearings,  40-3-281 
of  scale  model  automobiles,  40-4-89 
of  shafts,  40-4-163 

of  shipboard  equipment,  36-7-129,  39-1-45, 

39- 1-84, 39-S-41,  40-7-165 

of  shipping  containers,  39-6-57 

of  ship  structures,  40-7-197 
of  single- degree- of- freedom  systems, 

41- S-45 

solids  immersed  in  fluids,  40-1R-11 

of  sonar  transducers,  41-1-21 

spheres,  41-7-91 

of  spacecraft,  36-3-16 

of  spring-mass  ejection  system,  41-6-93 

stiffness  matrix  in,  37-2-175 

for  strain  response,  36-5-79 

use  of  structural  damping  in,  38-2-271 

of  structures,  37-2-173,  39-1-107,  39-3-99, 

39- 3-129,  39-3-153,  40-2-57,  40-2-123, 

40- 2-227,  40-2-243,  40-4-25,  40-4-41, 

40- 4-47,  40-4-63,  40-7-153  ,  41-5-27, 

41- 6-75,  41-7-9,  41-7-19,  41-7-81, 

41-7-89,  41-7-123,  41-7-131 

symmetry  in,  38-2-6 
of  tethered  systems,  40-4-225 
of  towed  cables,  41-6-61 
of  vibration  test  specimens,  41-4-79 
of  yielding  structures,  36-2-10 

Dynamic  characteristics 

of  Advanced  Orbiting  Solar  Observatory 
(AOSO),  36-7-66 


of  control  system  for  "ibration  tests, 
36-3-150 

comparison  of  using  lumped  parameter 
method,  38-2-61 
of  composite  beams,  36-4-28 
of  composite  materials,  36-4-95 
of  crushable  materials,  41-2-98 
of  gas  turbine  powered  helicopters, 

39- 3-17 

measurement  of 

on  equipment,  40-7-29 
on  structures,  40-7-51 
of  shock  isolators,  41-2-53 
of  vibration  test  system  with  flexure 
guides,  39-2-164 

Dynamic  coupling 

between  translation  and  rotation,  36-7- 135 

Dynamic  Design  Analysis  Method  (DDAM), 
39-1-55,  40-1R-1 

for  analysis  of  motion  of  immersed 
solids.  40-1R-17 

derivation  and  implications  of,  37-4-91 
in  design 

of  foundations,  39-1-40 
of  shipboard  equipment,  39-1-13, 
39-1-25,  39-1-74,  40-7-144 
digital  computer  programs  for,  36-6-101, 

40- 7-153 

use  of  dynamic  substructure  method  for. 

38- 2-12 

flow  chart  for,  39-1-57.  40-7-166 
perturbation  techniques  for,  40-7-177 
prediction  versus  full-scale  shock  test 
measurements,  36-1-1 
review  and  approval  of  mathematical 
models  for,  39-1-45 

selection  of  normal  modes  lor,  40-7-165 
validation  and  derivation  of  inputs  for. 

39- 1-13 

Dynamic  environments 

during  arrested  landings,  40-6-37 
for  cargo 

on  railroads,  39-6-47 
on  trucks,  39-6-31 

criteria  for  simulation  of  weapon- mount 
interface,  41-5-53 
data  analysis  for,  41-3-55 
derivation  for  propellant  storage  module 
for  Sky  Lab,  41-7-195 
effects  of 

on  field  tests,  39-6-1 
on  fragility  of  systems,  41-5-111 
on  performance  of  gas  lubricated 
bearings,  40-3-275 
of  eggs,  41-3-11 
for  ejected  missiles,  40-6-1 
measurements  of,  39-6-27 
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prediction  of 

use  of  flight  vibration  data  in,  41-4-189 
of  mechanical  impedance  in,  38-2-249 
for  spacecraft,  40-3-79 
statistical  energy  analysis  for,  41-6-9 
of  railroad  cars,  41-4-141 
for  spacecraft,  41-4-3 

Dynamic  equivalence 

of  lumped  parameter  system,  39-3-157 

Dynamic  excitation 

of  damped  structures,  38-3-71 
of  immersed  solids,  40-1R-U 

Dynamic  loads 

on  Atlas  booster  and  tethered  cannister, 
40-4-226 

bounds  for  response  of  conservative 
systems  to,  41-6-87 
on  space  vehicles  from  flight  vibration 
data,  40-4-171 

Dynamic  matrix 

for  structures,  37-2-190 

Dynamic  models,  see  also  Mathematical 
models,  Models,  and  Scale  models 
plastic  materials  for,  40-4-89 
scaling  lavs  for,  39-4-228,  40-4-89, 
40-5-183 

Dynamic  modulus 

of  composite  materials,  36-4-95 

Dynamic  overstress 

criteria  for  in  materials,  40-2-28 

Dynamic  response,  see  response 

Dynamic  similarity 

criteria  for  scale  model  structures, 
39-3-40 

Dynamic  stability 

of  columns,  41-6-1 
of  conservative  systems,  41-6-87 
of  shells,  41-7-81 
of  structures,  40-2-57 

Dynamic  Substructures  Method 

in  dynamic  analysis,  38-2-14,  39-1-58 

Dynamic  systems 

equations  of  motion  for,  40-5-137 
mechanical  impedance  of,  40-5-135 
normal  mode  analysis  of,  40-5-135 

Dynamic  stresses 

in  sonar  transducers,  41-1-31 


Dynamic  tests 

of  gas  lubricated  ro.  ringb,  40-3-275 
general  purpose  fixt  39-2-175 

of  plastic  scale  mod"  . ,  o9-3-39 
of  vehicles,  41-3-12 1 

Dynamics 

discussion  on,  41-2-1 
of  shock  isolators,  39-4-213 
of  protective  structures,  38-2-187 


E 

Earthquakes 

vibration  test  systems  for  simulation  of, 
41-3-109 

Effective  mass 

definition  of,  36-6-123 

Effective  modulus  theory 

in  analysis  of  laminated  layers,  41-6-188 

Effective  weights 

of  reduced  lumped  parameter  systems, 
39-3-158 

Eigenvalue  problems 

for  fluid-filled  shells,  38-2-86 
solution  of,  38-3-98 

Eigenvector  flowgraphs 

for  discrete  systems,  38-1-104 

Elastic  materials 

mechanical  properties  of,  38-3-251 

Elastic  medium 

dynamic  response  in,  39-5-13 

Elastic-plastic  system 

response  to  half  sine  pulse,  40-4-67 
response  to  a  sawtooth  shock  pulse, 
39-5-1 

Elastic  skid  mounts 

as  shock  isolators,  39-4-179 

Elastic  strain  energy 

in  damped  skin- stringer  structures, 
39-4-35 

Elastic  wave 

propagation  in  helical  coil,  41-2-77 

Elastomers,  see  also  Viscoelastic  materials 
piezoelectric  properties  of,  3',  2-1 
as  shock  isolator,  41-2-57 
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Elastoj/lastir  i  espouse 

of  shells  to  iPipulsive  loads,  41-7-81 

Electrodynamic  shakers,  see  Vibration  exciters 

Electromagnetic  loudspeakers,  see  Acoustic 
test  facilities 

Electronic  components,  see  also  Components 
design  criteria  for,  37-4-100 
vibration  tests  of,  40-S-lil 

Electronic  equipment 

acoustic  tests  of,  37-3-8 

dynamic  analysis  of,  37-4-37,  39-3-117 

effects  of  combined  environments  on, 

38- 8-83 

internal  vibration  of,  3  .'-3-7 
qualifications  of,  41-4-119 
relability  testing  of,  36-7-23 
shock  response  of  cabinet  for,  38-7-129 
shock  tests  of,  39-3-118,  39-5-79, 

41-4-123 

vibration  tests  J,  3/-3-14,  40-S-63, 
41-4-122 

vibration  tests  for  detecting  loose  parts, 
36-6-73 

Energy 

equivalence  in  components  of,  41-3-83 
processing  within  a  transducer,  41-3-92 

Energy-absorbing  steering  column 
characteristics  of,  37-4-82 

Energy  absorption 

by  cyclic  deforma' '  n,  38-3-255 

in  highway  guard- nil  structures,  40-5-115 

inverting  tube  for,  41-2-89 

materials  for,  40-2-183 

using  modified  concrete,  39-4-199 

spherical  crushable  structures  for, 

41-2-95 

in  vehicle  structures,  39-4-  227 

Energy  analysis 

of  two  coupled  modes,  36-5-43 

Energy  balance 

in  multipanel  structures,  37-2-101 
Energy  density 

definition  for  transient  acceleration  pulse, 

39- 5-83 

Energy-flow  method 

for  shock  analysis,  37-4-65 

Energy  methods 

for  vibration  analysis  of  segmented  rings, 
39-1-144 


Energy  spectral  density 

tor  stun  of  two  shock  waves,  41-5-23 

Engine  cutoff 

vibration  tests  for,  37-4-60 
Environmental  data 

measurement  a.d  recording  of,  36-6-163 
for  rocket  engines,  37-2-135 
from  ships,  40-7-225 

Environmental  factors 

affecting  latent  information  parameters, 
41-3-87 

Environmental  tests 

definitions  of,  39-2-124 
of  explosive  weapons,  40-3-193 

Environments,  see  specific  environments  such 
as  Transportation  environments,  Vibration 
environments  and  so  forth 

Equal  annoyance  contours 

for  vibrating  humans,  41-2-16 

Equalization 

analog  system  for,  36-3-49 
with  low-frequency  phase  compensation, 
36-3-51 

for  random  vibration  tests,  41-4-79 

Equations  of  motion 

for  cyll  idrical  shells,  40-3-133 
of  helic  jpter  structures,  41-7-134 
for  hen  ispherical  shells,  38-2-82 
for  lam  ing  gear,  39-3-182 
for  later*'  displacement  of  columns, 

40-2-115 

for  lateral  launch  loads,  38-2-70 
for  multicore  sandwich  beams,  40-5-280 
for  non-uniform  beams,  38-1-69 
for  open-frame  structures,  38-2-183 
for  plates,  38-1-46,  40-3-119 
of  sandwich  plates,  39-4-76 
for  sandwich  shells,  40-3-70 
for  spherical  shells,  40-3-75 
for  two-degree-of-freedom  nonlinear 
systems,  39-3-162 
for  vibration  isolators,  40-5-22 

Equipment,  see  specific  equipments  such  as 
Electronic  equipment,  Shipboard  equipment 
and  so  forth 

Equivalence 

bibliography  on  vibration,  39-2-190 
in  energy  components,  41-3-83 
of  measured  and  predicted  strains,  36-5-77 
of  mea  tured  and  predicted  vibrations, 
36-5-90 
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in  power  components,  41-3-83 
at  test  specimens,  36-2-63 
of  transievts,  36-2-101 
of  vibration  tests,  39-2-187 

Error  analysis 

algorithm,  39-3-102 
in  beam  damping  calculations,  38-3-25, 
41-2-135 

of  damping  calculations,  38-3-153 
of  instrumentation,  37-S-115 
of  measured  properties  of  viscoelastic 
materials,  39-4-15 

of  mechanical  impedance  measurements, 

39-1-128 

of  shock  tube  performance  data,  39-5-59 
Exploding  wires 

simulation  of  shock  waves  by,  37-4-117 
Explosions 

of  liquid  propellants,  38-2-177 
Explosive  shock,  see  Pyrotechnic  shock 
Extensional  damping,  see  Damping 
F 

F-4  Aircraft 

AIM-4D  missile  on,  39-1-195 
F- 11  IB  aircraft 

environment  measurements  on  Phoenix 
Missile  in,  39-6-93 

predicted  vs  measured  environment  for 
missile  in,  39-C-117 

vibration  of  Phoenix  missile  in,  39-6-77, 
39-6-93 

FAE  weapon 

captive  flight  vibration  on  UH-1E 
helicopter,  40-S-59 

Failure  analysis 

of  beams,  37-4-50 
of  shells,  39-5-21 

Failure  criteria 

for  shipboard  stn’  „cures,  39-1-107 
for  structural  members,  38-2-183 

Failure  modes 

in  fatigue  tests,  39-4-131 

Failure  n»te  tests 

for  miasiles,  39-2-99 

Failures 

•mder  acoustic  test,  37-5-170,  37-  5-63, 
39-7-83 


due  to  air  blast  after  acoustic  loading, 

39- 3-68 

in  aircraft  gas  turbines,  39-3-18 
calculation  of  probability  of,  41-5-141 
from  combined  environment »,  39-3-67 
effect  of  qualification  test  1  vels  on, 

40- 3-20 

in  electronic  equipmont,  36-6-73 
at  shell  structures,  37-4-177 
of  spacecraft,  40-3-9 
of  weapon  systems,  41-5-135 

Fast  Fourier  Transform,  see  Fourier  analysis 
and  Fourier  transform 

Fatigue,  see  also  Acoustic  fatigue 

of  aircraft  structures;  33-3-87,  40-5-49 
in  the  design  of  electronic  equipment, 

40- 4-97 

Miner’s  Hypothesis  for  random  vibration, 

41- 3-47 

in  shim  spring  vibration  isolator,  37-3-168 
of  structural  joints,  39-4-117 
of  structures,  40-5-61,  40-6-67 

effect  of  air  damping  on,  36-4-75 

Fatigue  damage,  see  also  Damage 
analog  computer  for,  41-3-60 
criteria  for  comparison  of  random 
vibration  environments,  41-3-48 
digital  computer  program  for,  36-5-25 
energy  summation  in,  40-3-139 
gages  for  measurement  of,  39-2-35 
to  a  multi-modal  system,  36-5-17 
from  random  vibration,  40-3-1 

Fatigue  failures 

criteria  for,  36-5-19 

Palmgren- Miner  hypothesis  for,  40-4-99 

reduction  of,  40-4-97 

due  to  vibration,  36-4-75 

Fatigue  gage 

description  of,  39-2-35 

Frtigue  life 

effect  of  mean  stress  on,  40-4-99 
prediction  of,  39-3-87,  40-6-67 

Fatigue  tests 

for  Chaparral  missile,  39-2-37 
failure  modes  of  test  specimens  in, 
39-4-131 

of  viscoelastic  sandwich  beams,  39-4-123 

Ferrofluids 

definition  of,  41-3-18 

Field  data,  see  specific  data  of  interest  such 
as  Shock  data  and  Vibration  data 
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Field  handling 

analysis  for  Polaris  missile,  36-7-145 

1  'eld  of  excitation 

definition  of,  37-3-77 

Field  tests 

of  Amy  equipment,  39-6-1 

Finite  Cosine  transform 
definition  of,  36-5-109 

Finite  element  method 
analysis  by 

of  beams,  38-1-10,  41-6-123,  41-7-51 
of  grillages,  40-7-212 
of  helicopter  structures,  41-7-132 
of  plates,  40-3-99,  41  7-41 
of  /ells,  41-7-84 
of  structures,  .1-7-123 
for  dynamic  analysis,  39*1-56,  39-3-129 

extension  36-5-55 

mathematical  analyst,  of  sonar 
transducers,  41-1-21 
model  of  solar  panels  for,  38-2-149 
random  vibration  using,  38-1-7 
for  shock  analysis,  38-2-11 

Fixed-base  natural  frequencies 
deviation  of,  38-2-209 
of  experimental  structures,  38-2-263 
measured  vs  calculated,  38-2-268 
for  shipboard  equipment,  38-2-209 
use  in  shock  design,  38-  2-261 

Fixtures 

accelerometer  error 

due  to  strain  in,  37-2-47 
due  to  stress  in,  37-2-43 
characteristics  01  multimodal,  40-3-233 
design  of 

for  floating  shock  platform,  37-4-85 
for  resonant  beam  vibration  tests 

39- 2-72,  39-2-221 

for  shock  tests,  38-2-95 

for  vibration  tests,  36-3-101,  39-3-31 

40- 3-231  ’ 

flexure  guides  for  vibration  tests,  39-2-157 
general  purpose,  39-2-175 
parameters  for  selection  of,  38-1-91 

for  vibration  tests  of  composite  panel 
39-3-192 

for  vibration  tests  of  elastomers,  39-2-4 
for  vibration  tests  of  Saturn  S-IVB 

37-3-138 

Flat  plates 

as  underwater  explosion  model  for  hulls 

41-S-49 


Flexibility  matrices 

for  whip  antennas,  40-1-18 

Flexible  structures 

experimental  study  of  very  long,  36-6-195 

Flexural  vibrations 

considerations  in  composite  beams, 

38-3-18 

Flight  data 

acquisition,  37-1-137 

for  airborne  electronic  equipment, 40-S-66 
for  Apollo  spacecraft,  37-5-90 
comparison  of  acoustic  test  with,  37-3-23 
comparison  with  vibration  test  criteria 
37-3-7 

during  launch  of  OGO,  37-3-21 
Mariner,  37-4-5 
measurement  of,  40-S-63 
for  SNAP  10A,  36-7-75 
fo  •  spacecraft,  37-7-182 

Flight  test 

of  helicopters  with  active  isolator,  37-6-75 
program  for  captive  missile,  39-6-102 
vs  system  test  response  data,  39-1-217 

Flight  vibration 

vs  acoustically  i  iduced  vibration,  37-5-160 
comparison  of  qualification  test  to. 

41-3-47 

data  a-’-Iysis  for,  37-7-176,  37-S-109 
dynamir  load*  on  space  vehicles  from 
40-4-171 

vs  flight  acceptance  test  requirements. 

39-6-129  ’ 

vs  ground  vibration  test,  37-7-173 
at  low  altitudes  and  high  speed,  39-4-158 
predicted 

from  acoustic  excitation,  36-5-85 
vs  measured  for  spacecraft,  39-6-128 
for  missiles,  41-4-189 
by  statistical  energy  analysis.  41-6-9 
probability  of  exceeding  specified 
vibration  test  levels,  41-S-28 
procedures  for  measurement  of,  39-6-121 
simulation  of 

for  captive  missile,  39-6-86 
for  helicopter,  41-3-121 
lor  re-entry  vehicle,  36-3-11 3 
for  spacecraft,  39-2-147 
for  spacecraft,  37-5-28,  39-6-119,  40-3-8 

40-3-163 

vs  static  firing  tests,  39-6-133 

Floating  platforms,  see  also  Shock  test 
facilities 

for  shock  tests,  37-4-85,  40-2-1 
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Floors 

shock  Isolated,  41-5-155 
Flow  chart 

for  method  of  indirect  synthesis,  39-4-190 
Flow  diagram 

for  optimal  design  of  shock  isolators, 
41-2-49 

for  vibration  analysis  of  helicopters, 
41-7-132 

Flowgraphs 

structural  analysis  using,  38-1-99 
Flo*  noise 

reduction  in  water  tunnels,  41-2-151 
Fluctuating  pressure,  see  Boundary  layer  noise 
Fluid  damping 

effect  on  motion  of  Immersed  solids, 
40-1R-15 

Fluid  films,  see  Oil  films 

Fluid  systems 

shock  analysis  of,  40-2-67 

Flutter 

of  aircraft  wings,  41-7-109 
in  combined  flexure-torsion  syst<  •»*. 

40- 5-235 

of  cylinders,  40-3-308,  41-6-31 
of  hydrofoils,  41-7-205 
mathematical  analysis  of,  41-7-111 
of  panels,  40-4-139 
root  locus  f*quations  for,  40-5-237, 

41- 7-113 

of  structures  in  fluid  stream,  39-3-171 
water  tunnel  facility  for  tests,  41-7-207 

FM  multiplex  system,  36-6-210 

Foams,  see  specific  foams  such  as  Polyurethane 
foams  and  Polystyrene  foams 

Force-acceleration  feedback 
for  control  of  input,  39-4-11 

Force- controlled  shock  tests 
concept  of,  39-5-63 

Force- controlled  vibration  tests 
feasibility  of,  36-3-15 
on  spacecraft,  36-3-15 
specification  of,  36-3-1,  41-4-69 
techniques  for,  36-3-47,  37-3-61,  41-4-31 


Force-node  method 

for  lumped  parameter  system,  38-2-292 

Force  transducers 

development  of,  38-8-203 

evaluation  of,  38-3-? 

for  variable  resonant  vibration  exciter, 

38- S-3 

Force  transfer  functions 

for  lumped  parameter  systems,  38-2-111 

Forcing  f unctions 

for  helicopters,  40-S-48 
for  hydraulic  shock  inputs,  41-1-23 
for  mathematical  models  of  railroad 
cars,  40-8-112 

for  piping  for  steam  systems,  39-1-155 
for  re-entry  vet  icles,  40-3-36 

FORTRAN  IV  computer  language,  36-6-105, 
36-6-131 

Foundations,  see  also  Machinery  foundations 
for  antenna  mast  structures,  40-2-103 
digital  computers  for  design  of,  39-1-55 
inputs  to,  40-7-188 
motion  of  plates  on,  40-4-220 
for  shipboard  equipment,  39-1-39,  40-7-171 
stresses  ?nd  motions  in,  40-4-219 
yielding  properties  o'  distributed,  40-4-82 

Fourier  analysis 

of  acceleratlc”  response  of  scale  model 
hull,  41-S-lb 

for  random  vibration,  38-1-18 
of  shock  data,  41-5-39 

Fourier  spectra 

of  complex  shock  transients,  36-6-9 
derivation  of,  41-5-21 
using  Duhrmel  integral,  36-2-12 
effect  of  digitizing  detail  on  accuracy, 

36- 6-1 

for  hulls  of  subim  'nes,  39-S-44 

for  munitions  ejection,  41-5-96 

for  shipboard  equipment  in  submarines, 

39- S-47 

of  3cock  pulses,  40-2-175 
Fourier  transforms 

of  acceleration-time  histories  40-3-87 
of  air  pulser  output,  41-S-12 
calibration  of  accelerometers  using, 

37- 2-17 

for  coherent  optical  systems,  36-6-96 
definition  of,  41-5-40 

fast  algorithm  for  computation  of,  40-2-159 
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generating  shock  pulses  with  modified, 
40-7-92 

in  shock  analysis  of  fluid  systems,  40-2-67 
lor  transient  functions,  38-1-18 
trigonometric  terms  for,  41-5-45 

Fragility 

definitions  of  categories  of,  41-5-112 
in  design  of  structures,  41-5-130 
of  equipment  in  hardened  sites,  41-5-155 
of  equipment  in  silos,  41-5-161 
of  hydraulic  systems,  41-5-143 
of  packaged  equipment 

procedures  for  determination  of, 

40- 6-127,  40-6-133,  40-6-149 
shock  tests  for,  40-6-127,  40-6-133 

panel  discussion  on,  40-6-153 
procedures  for  determination  of,  41-5-119 
of  shock  isolation  systems,  41-5-129 
standards  for  evaluation  of,  41-5-111 
of  structures  in  hardened  sites,  41-5-156 
of  systems 

effect  of  dynamic  environments  on, 

41- 5-111 

shock  tests  for,  41-5-121 
vibration  tests  for,  41-5-123 

Fragmenting  tubes 

for  attenuation  of  impact,  40-5-115 
force-time  histories  for,  40-5-128 
materials  for,  40-5-117 
shock  tests  of,  40-5-116 
Frames 

mat’  ematical  models  of,  39-3-34 
mechanical  impedance  in  analysis  of, 
38-T-219 

mode  shapes  of,  38-2-225 

natural  frequencies  of,  3? -2-225,  39-3-31 

Fraunhofer  Diffraction  p  ttern,  36-6-94 

Frequency,  see  also  Natural  frequency 
of  zero  crossings,  40-3-2 
errors  in  for  beams,  41-6-126,  41-6-13  7 

Frequency  analysis 

of  repetitive  bursts  of  random  vibration, 
38-1-17 

Frequency  correction  equations  for  mechanical 
systems,  38-2-295 

Frequency  parameter 

for  Bernoulli- Euler  beams,  OJ-3-50 
fov  Timoshenko  beams,  39-3-50 

Frequency  response 

of  accelerometers.  41-3-1 
of  microminiature  amplifier,  36-6-220 
of  nonlinear  vibration  isolation  systems, 
40-5-26 


of  piping  systems,  40-4-198 
plotting  of,  36-6-37 
of  printed  circuit  boards,  40-3-113 
of  prototype  automobile,  40-4-94 
of  scale  model  automobile,  40-4  -94 
of  vibration  isolators,  40-6-40 

Frequency  stepping  circuit  for  analog  computers, 
36-6-39 

Fresnel- Kirchoff  Diffraction  formula,  36-6-94 
Friction 

effect  of  balance  weight  on  vibration 
absorber,  36-7-124 

Frustums 

propagation  of  stresswaves  in,  40-4-127 
Fuzes,  see  Mechanical  fuzes 
G 

Galloping 

of  structures  in  fluid  stream,  39-3-171 

Gas  detonations,  see  also  Nuclear  detonations 
for  simulation  of  nuclear  blast,  37-4-199 

Gas  guns,  see  Shock  test  facilities 

Gas  springs,  see  Pneumatic  springs 

Gas  turbines 

air  blast  tests  of.  10-2-147 
compatibility  with  helicopter  airframe, 
39-3-17 

Gaussian  pulse 

properties  of  a,  37-2-21 

Geiger  thick  plate  test  method,  40-5-105 

Gemini- Agena  vehicle 

structural  analysis  of,  37-2-117 
test  program  for,  37-2-117 

Gemini- Titan  vehicle 

ground  wind-induced  vibrations  of, 

36-7-79 

vibration  tests  on,  36-7-80 

General  Bending  Response  Code 
vibration  analysis  with,  39-S-60 

Gei  .  ralized  mass 

definition  of,  38-2-274 

Glass  structures 

shock  analysis  of,  40-5-176 
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Green's  Theorem,  36-0-99 


H 


Grillages 

dynamic  analysis  of  ships,  40-7-207 

Ground  shock  effect  on  protective  structures 
38-2-187 

instrumentation  for,  40-7-133 
isolation  of  protective  '.tructures  from, 
39-4-199 

parameters  of  soils  for  r, 

38- 2-195 

response  of  plates  to,  40-4-2!'/ 
response  of  tower  to,  41-6-82 
simulation  of,  40-2-243  41-3-149 

Ground  support  equipment 

shock  isolation  of,  37-4-218 

Ground  winds 

during  launch,  38-2-70 

Guided  missiles,  see  also  Mj  ^siles 

environmental  test  program  for,  39-2-195 

Guideways 

response  to  air  cushion  vehicles,  41-8-47 

Gunfire  environments 

acceleration  probability  densPv  for, 
41-4-21C 

on  aircraft,  40-6-27,  41-4-133 
for  captive  airborne  weapons,  39-S-27 
data  analysis  of,  41-4-46,  41-4-203, 
41-4-210 

field  data,  37-2-32 

free  field  blast  overpressure,  39-6-142 
free  field  side-on  impulse,  39-6-146 
on  helicopters,  40-1-61,  40-2-227, 
41-4-195,  41-4-209 
of  naval  gun,  31-2-53 

propagation  of  blast  waves  from,  39-6-139 
for  River  Patrol  Boat,  37-7-205 
shock  spectra  for,  41-4-204 
simulation  of,  40-6-27,  41-4-37 

Guns 

dv;  amic  analysis  of  recoil  adapters, 

39- 4-251 

isolation  of  recoil  forces  from,  39-4-2' ! 
simulation  of  recoil  ol,  41-3-187 

Gust  loads 

or  launch  vehicles,  36-3-104 
Gyroscopes 

as  synchronous  vibration  absorbers,. 
37-0-49 

vibration  isolators  for,  38-3-285 


Half-sine  pulse,  see  Shock  pulse 
Hamilton  ?  principle 

in  analysis  of  shell  >,  40-3-134,  41-7-152 
in  vibration  analysis,  39-4-81,  39-4-93 

handling,  see  Rogh  handling 

Hankel  transform,  36-5-108 

Hardened  sites,  see  a ’so  Pllos 
analysis  of,  38-2-187 
fragility  of  equipment  in,  47-5-155 
hydraulic  systems  for,  41-5-143 
shock  isolators  for,  41-5-129,  41-  5-155 

Hardening 

criteria  for  ships.  39-1-65,  39-' 

Harmonic  motion,  see  Vibration 

Harmonic  spikes 

energy  summation  for,  40-3-149 

Hawk  missile 

dynamic  analysis  of  isolation  system  for, 
41-2-160 

dynamic  environments  for,  41-2-159 

Hawker- Sidde.’ey  P-U27  aircraft 

acoustic  environment  of,  41-4-  16a 

Heat  shield 

pyrotechnic  shock  in.  36-2-63 
helical  coil 

for  dispersal  of  shock  loads,  41-2-77 

Helical  c^*l  spring 

as  shock  isolators,  4i-2-56 

Helicopters,  see  also  specific  helicopters  such 
as  AH- 1.  AH- 56,  CH-47,  CH- 53.  OH-4,  and 
UH-1 

active  vibration  isolator  for,  37-6-63 
ammunition  conveyor  system  lor.  40-4-115 
balancing  of  rotors  for,  36-7-113 
compatiti'Uv  ol  gas  turbine  with,  39-3-17 
computer  programs  lor  structural 
analysis  of..  40-  2-238 
damping  of  vibration  in.  41-2-141 
data  acquisition  system  for  v  jurat  ion  of,. 
36-3-76 

design  of  fusel;  ge,  3"  6-25 
dynamic  analysis  ol.  i0-4-43 
dynamic  characteristics  of  gas  turbine 
powered,  39-3-17 
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flight  test  of,  37-6-75 

focal  isolation  system  for,  38-3-263 

ground  vibration  surveys  of,  36-3-71, 

39- 3-23 

gunfire  environment  of,  41-4-195, 41-4  209 
mathematical  model  of,  38-3-282 
noise  in,  41-4-221 

prediction  of  loads  in  rotor  bidden,  57-6-6 
prediction  of  response  to  blast,  40-2-231 
prediction  of  vibration  in,  37-6-19 
reduction  of  vibration  in,  36-7-113,  37-6-5, 
$7-  S -*ft,  37  6-3*,  37-6-49,  37-6-63, 

<  5-191,  38-3-263 

response  to  blast  of  weapons,  40-1-61, 

40- 2-227 

simulation  of  flight  vibration,  41-3-121 
transmission  of  vibration  from  rotors, 
37-6-5 

vibration  in,  37-6- ' .  39-3-17,  40-4-48, 

40- 5-i91,  41-4-195,  41-4-209, 

41- 4-221,  41-7-131 

vibration  absorber  for,  37-6-23,  40-5-191 

Helicopter  Trap  Weapon  (HTW) 

captive  flight  vibration  of,  40-S-59 

High  acceleration  shock  test  facility,  40-2-205 

High  impact,  see  also  Impact 
of  shells,  39-5-21 

High- impact  shock  machines,  see  also  Shock 
test  machines 

fixtures  for,  38-2-95 
mathematic'  ,  model  of,  38-2-97 
modified,  3o  '-226 

High  polymers 

effect  on  diffuser  flow  noise,  41-2-151 

High- shock  loads 

foundations  tor,  38-3-1 
simulation  of,.  40-2-205 

High  speed  trains 

measurement  of  vibration  on  Metroliner, 
40-6-93 

High  temperature 

damping  at,  36-4-25,  38-3-57 

Hinged  arch 

dynamic  analys  s  of,  41-6-90 

HMS  OBDURATE 

shipboard  sho^k  on,  37-1-1 

holography 

description  of,  39-2-41.  41-3-o'1 


for  high  frequency  vibration  studias  of 
beams,  40-7-34 

instrumentation  using,  39-2-41,  41-3-64 
for  mode  shapes  of  plates,  39-2-43, 
41-7-38 

in  non- destructive  tests,  41-3-63 
for  response  to  shock,  40-7-33 
for  vibration  measurements,  39-2-41, 

40- 7-33,  41-3-63 

Honeycombs,  see  also  Crushable  structures 
and  Yielding  structures 

pulsed  lasers  for  observing  defects  in, 

41- 3-72 

Hopkinson’s  Law 

for  scaling  of  b  ast  pressure,  39-6-139 
Homs 

performance  in  aco>. Stic  test  facility, 

37- 5-46 

Hulls 

damage  from  underwater  explosions, 

39- 1-95 

influence  of  characteristics  on  response 
to  air  blast,  37-4-143 
mathematical  model  for  submarines, 

40- 7-186 

mathematical  model  for  vibrations, 

38- 1-126 

response  to  underwater  explosions. 

38-3-244,  40-7-185,  41-S-49 
vibration  of,  38-S-l,  40-7-243 

Humans 

effect  of  shock  on,  37-4-80,  39-5-89, 

41- 2-5 

effect  of  ’  ibration  on,  41-2-13 
equal  annoyance  contours  for  vibration. 
41-2-16 

vibration  isolators  for.  39  -4- 157 

Humping,  see  Railroads 

Hybrid  computers,  see  also  Analog  computers, 
Compute!  s,  and  Digital  computers 

for  high-speed  analysis  of  vibration  data, 
36-6-55 

for  modal  analysis,.  41-3-25 
for  vibration  analysis  of  helicopter 
structures.  41-7-131 

Hydraulic  flow 

for  simulating  recoil  oi  guns,  41-3-187 

Hydraulic  shock 

forcing  function  tor,  41-1-23 
mat  hematic  al  model  for.,  36-2-33 


Hydrodynamic  mass 

definition  of,  40-1R-11 

Hydrofoils 

flutter  of,  41-7-205 

Hygens- Fresnel  Principle,  36-6-91 

Hysteretic  damping,  see  also  Damping 
in  joints,  36-4-3 

I 

Ignition  shock,  see  also  Shock 
versus  temperature,  37-2-168 

Impact,  see  also  High  impact 

of  airdropped  material,  41-3-223 
attenuation  for  Apollo  Command  module, 
38-3-255 

attenuation  for  spacecraft,  40-2-183 

combined  with  spin,  41-3-164 

cop  jer  ball  accelerometer  for  measuring, 

37- 3-219 

damage  to  eggs  during,  41-  3-11 
damping  oy,  39-4-1 
design  criteria  for  limiters,  40-2-183 
fragmenting  tube  for  attenuation  of, 

40- 5-115 

human  response  to,  41-2-5 
inverting  tube  response  to,  41-2-91 
lead  targets  for  tests,  37-3-219 
of  nuclear  fuel  capsules,  40-2-193 
pads  for  modified  slingsnot  shock  test 
machine,  39-5-76 
on  piping,  40-S-3 
of  projectiles  on  armor,  41-5-69 
protective  system  for  automobiles, 

38- 3-329 

pulse  duration  on  different  surfaces, 

36-6-175 
response  to 

of  aircraft  to  ground,  38-3-165 
of  elastic  half-space,  39-5-13 
of  helical  coil,  41-2-80 
of  structures,  37-1-115,  38-2-38 
of  scale  model  vehicles,  39-4-227 
sensitivity  of  radioactive  materials  to, 

41- 3-194 

of  shells,  39-5-21 
of  shipping  containers.  39-6-65 
simulation  of  human  head,  39-5-89 
tests  on  hard  landing  payloads,  40-2-185 

Impedanc. ,  see  Mechanical  impedance 

Impulse 

calibration  of  accelerometers  by,  37-2-21 
design  oi  exciter,  37-2-24 


for  determination  of  mechanical  impedance, 
41-5-54 

by  drop  ball  test,  37-2-21 
from  gunfire,  39-6-146 
in  vibration  tests  of  ships,  41-S-l 

Impulsive  loads,  see  also  Shock  loads 
elastoplastic  response  of  shells  to, 

41-7-81 

response  of  damped  cylindrical  shells  to, 
38-3-130 

response  of  isolation  system  to,  40-5-206 
vibration  characteristics  of  ships  from, 

40-  S-  7 

Indeterminate  forms 

evaluation  of,  38-1-36 

Indirect  synthesis 

definition  of,  39-4-185 
flow  chart  for,  39-4-190 
of  shock  isolators,  39-4-185 

Inertial  guidance 

dynamic  analysis  of,  40-3-257 

Infinite  stiffness 

concept  of,  37-2-184 

Influence  coefficients 

for  cantilever  beams,  37-2-  61 
in  dynamic  analysis,  36-6-101,  38-2-50 
quick  check  procedure  for,  38-2-205 
for  truss,  38-2-62 

Input  control,  see  also  Force-controlled 
vibration  tests 

by  monitoring  response  spectra,  37-3-47 

Insertion  factor 

definition  of,  38-S-20 

Instrumentation 

for  acoustic  environments,  36-7-90, 

37-5-19,  37-5-42,  37-5-168,  37-S-31, 
37-S-74,  37-S-95,  40-5-54,  40-7-17. 

41- 4-163, • 1-4-221 

for  captive  flight  loads,  37-1-128,  40-6-15 
for  combined  environments,  40-7-102, 
41-3-164 

for  combustion  instability  tests,  40-4-117 

for  damping  evaluation,  38-3-90 

for  dynamic  tests,  37-2-132,  37-3-106, 

37- 4-3,  37-5-129,  38-3-221,  39-2- li4 
for  egg  damage,  41-3-11 

for  ejection  tests.  40-6-4 
error  unahsis  in,  37-S-115 
for  fixed- base  natural  frequencies. 

38- 2-265 
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for  flutter  of  hydrofoils,  41-7-207 
for  force  input  measurement,  36-3-114 
for  gun  setback  acceleration,  36-2-58 
for  gunfire  environment,  37-7-206, 
41-4-198,  41-4-210 

for  handling  of  Polaris  missile,  36-7-147 
using  holography,  39-2-41,  41-3-64 
using  a  laser,  37-2-1 
for  launch  phase  simulator,  36-6-207, 
37-3-184,  37-5-178 
for  mechanical  impedance,  38-2-254, 
40-4-200,  40-7-29,  40-7-65 
for  mechanical  signature  analysis,  36-6-74 
for  modal  analysis,  36-3-86,  39-3-147 
for  model  tests,  37-3-126,  40-4-93 
for  pyrotechnic  shock,  37-4-17 
for  response  of  bridges,  41-4-100 
for  rocket  sled,  37-3-199,  41-7-3 
for  shock,  37-4-106,  39-5-89,  40-1-10, 

40- 1-33,  40-5-256,  40-7-133,  40-S-22, 

41- 3-175,  41-5-93,  41-6-147 
for  shock  spectra,  36-2-18 
suppression  of  electrical  noise  in,  40-7-4 
terminology,  41-3-82 

for  transportation  environment,  37-7-19, 
37-7-40,  40-6-91,  40-6-99,  41-4-142 
for  vibration,  37-2-118,  37-7-96, 

37- 7-176,  37-S-74,  37-S-95,  39-3-193, 
40-7-29,  40-7-45,  40-7-225,  40-7-243, 
40-S-66,  41-3-114,  41-4-221 

for  wind  tunnel,  37-7-222 

Interface  dynamic  environments 

mechanical  impedance  in  prediction  of, 

38- 2-249 

Interferometer 

in  accelerometer  design,  41-3-17 
measurement  of  displacement  with, 

37-2-13 

Isolation  systems,  see  also  Shock  isolation 
and  Vibration  isolation 

for  aircraft  ground  vibration  survey, 
36-3-62 

for  dynamic  studies  of  launch  vehicles, 
40-3-205 

for  electronics  cabinets,  40-S-29 
mathematical  analysis  of,  38-3-286 
for  missile  containers,  39-6-57 
nonlinear  springs  for,  36-7-103 
for  railroad  cars,  40-6-109 
with  relaxation  damping,  40-5-203 
for  seismic  nnss,  41-3-110 
for  static  firing  tests,  37-3-99 

Isolators,  see  specific  types  such  as  Active 
vibration  isolators.  Shock  isolators,  and 
Vibration  isolators 


Isotopes 

shock  test  facility  for,  41-3-194 
J 

Jeep 

shock  and  vibration  in  M-151,  37-7-39 

Jet  engine  noise 

data  analysis  of,  41-3-55 

Joints 

in  structural  analysis,  37-2-182 
structural  damping  in,  36-4-1 
with  viscoelastic  materials,  39-4-117 

Joint  acceptance 

for  boundary  layer  turbulence,  37-5-65 
transformation,  37-5-61 

K 

Keel  shock  factor 

definition  of,  39-1-8 

fo.  HMS  OBDURATE,  37-1-5 

for  ’’iverine  craft,  37-1-48 

Kennedy- Pancu  Method 
review  of,  39-3-108 

for  vibration  analysis  of  shells,  39-3-107 
Kinetic  energy 

power  dissipation  of,  37-2-99 
L 

Lagrange’s  equations 

in  analysis  of  towed  cables,  41-6-62 
for  dynamic  analysis  of  conservative 
systems,  41-6-87 

in  launch  dynamics  analyzer,  41-6-220 
Landing  gear 

dynamic  analysis  of,  39-3-179 
Lasers 

for  observing  defects  in  honeycombs, 
41-3-72 

for  vibration  analysis,  37-2-1 

Latent  information  parameters 
in  measurements,  41-3-82 

Lateral  dynamic  loads 
analysis  of,;  38-2-69 

Launch  environments 

for  airborne  weapons,  10-G-l 

for  Apollo  Lunar  Module,  37-5-106,  40-3- 163 
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lateral  response  to,  38-2-67 
response  of  space  vehicles  to,  40-4-171 
simulation  of,  36-3-119 
for  SNAP  iOA,  36-7-73 
test  facility  for,  39-i'-23 

Launch  phase  simulator,  see  also  Combined 
environmental  tests 

acoustic  tests  on,  37-3-182 
for  combined  acceleration  and  vibration 
tests,  36-3-119 

hydraulic  vibration  exciter  for,  39-2-23 
instrumentation  for,  36-6-207,  37-3-184 
as  qualification  test  facility,  40-3-183 
for  spacecraft,  37-5-175 

Launch  vehicles,  see  also  specific  launch 
vehicles  such  as  Titan  launch  vehicle,  Saturn 
launch  vehicle,  and  Scout  launch  vehicle 
acoustic  environment  of,  36-5-97,  36-7-89 
combustion  instability  tests,  40-4-111 
criteria  for  scale  models  of,  40-3-205 
dynamic  tests  of,  37-3-99,  37-5-117 
flight  vibration  time  history  for,  39-6-136 
ground  vibration  test  of,  39-2-135 
gust  loads  on,  38-3-104 
high-force  vibration  tests  of,  37-3-137 
inelastic  damping  of  ducts,  40-5-61 
interaction  of  spacecraft  with,  38-2-239 
interface  effects  on  subsystem  response, 
38-2-67 

mechanical  impedance  at  interface, 
40-3-79 

multimodal  fixtures  for,  40-3-231 
nonlinear  damping  in  structural  analysis, 
40-5-261 

static  firing  tests,  39-6-133,  40-4-109 
stiffness  matrix  for,  38-3-108 
suspension  system  for  dynamic  studies 
of,  40-3-205 

torsional  shock  from,  36-7-63 
vibration  analysis  of,  38-3-95 

Lead  targets 

for  impact  tests,  37-3-219 

Legendre's  Polynomial,  38-2-83 

Liapunov's  functions 

for  dynamic  analysis,  41-6-88 

Lift-off,  see  Launch  environments 

Limits  of  allowable  variation 
definition  of.  37-3-77 

Line  solution  method 

for  stability  analysis,  38-2-163 
for  structural  analysis,  38-2-157 


Linear  systems 

transfer  functions  for,  39-3-74 

Linearity 

of  measurement  system,  40-7-18 

Liquid  propellants 

explosions  of,  38-2-177 


Liquid  spring 

for  shock  isolation,  41-2-57 

Liquid  squeeze- films 

mechanical  properties  of,  39-2-82 
for  support  of  vibrating  structures, 
39-2-77 


Loading,  see  Dynamic  excitation 
Loss  factors 

for  damped  beams,  38-3-8 
for  laminated  beams,  36-4-83 
for  segmented  rings,  39-1-150 
of  spaced-damped  beams,  39-1-167 
in  statistical  energy  analysis,  38-S-U 

Loudspeakers,  see  Acoustic  test  facilities 

Low  temperature 

damping  at,  36-4-25,  38-3-57 

Lumped  parameter  systems 

analysis  of,  38-2-57,  38-2-274,  39-3-153, 
41-6-198 

in  beam  analysis,  36-6-117,  41-5-28, 
41-6-123 

'comparison  of  effective  weights  of, 
39-3-158 

comparison  of  natural  frequencies  of, 
39-3-158 

dynamic  equivalence  of,  39-3-157 
force-node  method  for,  38-2-292 
forced  response  of,  38-3-95 
mobility  matrix  for,  40-5-137 
reduction  in  mass  points  for,  38-2-57 
transfer  functions  for,  38-2-109 

Lunar  module,  see  Apollo  spacecraft 

Lunar  Orbite;  spacecraft 

flight  acceptance  test,  39-6-120 
flight  vibration  of,  39-6-119 
flight  vibration  vs  flight  acceptance  test, 
39-6-129 

vibration  data  analysis  for,  39-6-122 
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M 

M-151 jeep 

vibration  in,  37-7-39 

Mach  number 

versus  drag  coefficients,  40-2-97 
versus  Reynolds  number,  37-3-127 

Machinery 

gas-bearing,  38-3-221 
wear  in,  41-4-51 

Machinery  foundations,  see  also  Foundations 
design  of  damped,  36-4-81,  38-3-1, 

39-1-143 

mechanical  impedance  for,  38-S-19, 

39- 1-123 

noise  transmission  of,  38-S-19 

for  shipboard  equipment,  38-3-1,  38-3-19 

spaced  damping  of,  39-1-167 

in  submarines,  39-1-123 

tests  of,  36-4-88 

uniform  beams  as,  39- 1  1 23 

vibration  transmission  of,  38-S-19 

Mariner  spacecraft 

dynamic  analysis  of,  38-2-139 
electronic  assembly  for,  36-3-27 
instrumentation  for,  37-4-3 
Mars  1969,  38-2-139,  39-2-123 
modal  analysis  for,  38-2-143 
modal  survey  of,  39-2-123 
shock  spectra  at  separation,  37-4-8 
transient  response  at  separation,  37-4-1 
vibration  tests  of,  36-3-27,  38-2-151 

Mass 

effect  of  concentration  on  vibrating  plates, 

38-1-37 

Mass  matrices 

for  beams,  38-1-12,  41-6-123 
for  bending  of  plates,  41-7-129 
comparisons  of  consistent,  39-3-129, 

40- 4-1 

generalized,  39-2-127 

for  piping  system,  40-4-148 

for  plane  stress,  41-7-126 

in  structural  analysis,  37-2-187,  40-4-1 

translational,  40-4-194 

Material  damping,  see  Damping 

Materials 

criteria  for  dynamic  overstr  ?ss  in, 

40-2-28 

for  energy  absorption,  40-2-183,  41-2-98 
with  extensional  damping,  38-3-199 


piezoelectric  properties  of  rubberlike, 

39- 2-1 

propagation  of  stress  waves,  39-3-201 
properties  for  scale  models,  39-3-40 
shock  isolation  properties  of,  39-4-213 

Mathematical  analysis,  see  also  Dynamic 
analysis,  Structural  analysis,  Vibration 
analysis  and  Shock  analysis 

of  acoustic  excitation  of  solar  panels, 

40- 3-49 

of  acoustic  radiation  resistance  of  shells, 
40-3-24 

of  air  blast  on  structures,  39-5-29 
of  ammunition  conveyor  feed  system, 
40-4-118 

of  combined  flexure-torsion  flutter, 
40-5-236,  41-7-111 

of  combined  torsional  and  translational 
vibration,  39-3-172 
of  damped  beams,  38-3-14,  39-4-54, 
40-5-278,  41-2-133 
of  damped  shells,  38-3-121 
of  damping  device  for  blade  st  nurtures, 

39- 4-20 

of  deck  vibration,  40-1-2 

of  ejection  system,  41-6-94 

of  elastic-plastic  system,  40-4-68 

of  fluid-filled  shells,  38-2-79.  41-7-153 

of  forced  vibration,  38-3-95 

of  foundations,  39-1-136,  40-4-82 

of  gun  systems.  39-4-255 

of  impact  of  helical  coil,  41-2-80 

of  inverting  tube  impact,  41-2-91 

of  isolators,  38-3-39.  38-3-286.  39-4-143, 

40- 5-204 

of  lumped  parameter  system,  39-3-154, 

41- 6-197 

of  modal  coupling,  39-3-100 
of  nonconversative  systems,  41-7-142 
of  nonlinear  systems,  3  61,  40-5-263, 

41-6-40 

of  panel  flutter .  40-4-140 
of  paraboloidal  antenna,  41-6-105 
of  piping  system,  40-4-148 
of  plates,  39-3-206,  39-3-234,  39-4-65, 

39- 4-74,  39-4-81,  39-4-93,  40-4-218, 

40- 5-93,  41-7-30 

of  propulsion  system  for  ships,  39-S-57 
of  protective  structures,  39-4-208 
of  rail  launching  dvnamies  of  missiles, 

41- 6-220 

of  scale  model  launch  vehicle,  40-3-207 
of  segmented  rings,  39-1-145 
of  shock  bar,  40-2-211 
of  sonar  transducers,  41-1-21 
of  stress  propagation,  40-4-128 
of  torsional  vibration,  40-4-163 
ot  towed  cables,  41-6-62 


of  underwater  explosion*,  39-S-42, 

40- 7-186,  41-S-50 

o f  vibration  absorbers,  39-4*201 

Mathematical  models,  see  also  Dynamic 
models,  Models,  and  Scale  models 
of  aircraft  carrier,  37-4-144 
of  aircraft  structure,  40-2-123 
of  antennas,  37-4-151,  40-1-47,  41-6-104 
for  Apollo  Applications  Program 
structures,  39-3-57 
of  Apollo  Lunar  Surface  Experiment 
Package,  38-2-47 

of  beams,  40-4-48,  41-5-28,  41-6-212, 

41- 7-55 

of  conical  beam,  37-2-177 
of  deckhouse,  39-1-111 
of  electronic  equipment  cabinet,  36-7-130 
of  fluid-filled  shells,  38-2-79 
of  foundations,  39-1-40,  39-1-136,  40-4-81 
of  heat  shield,  36-2-64 
of  helicopter,  38-3-282,  40-2-236 
of  high-impact  shock  machine,  38-2-91 
of  isolation  system,  40-5-204,  40-5-219 
of  lumped  mass  beam,  38-2-13 
of  missile  container,  39-6-57 
of  missile  handling  system,  36-7-146 
of  open  cell  foams,  40-5-292 
of  open-frame  structures,  38-2-181 
of  plates,  40-2-235,  41-5-102 
of  propellant  tank,  41-7-174 
of  protective  structures,  39-4-200, 
40-2-244 

of  radio  telescope,  40-4-155 
of  railroad  cars,  40-6-110 
of  re-entry  vehicles,  39-1-223,  40-3-34 
of  rigid  frames,  39-3-34 
of  shock  isolator,  36-2-92,  38-3-213, 

39-4-218 

of  solar  panels,  40-3-49 
of  sonar  transducer,  36-2-33,  41-1-23 
of  spacecraft,  36-3-16,  36-7-42 
of  submarine  hull,  40-7-186 
of  vibrating  duct,  40-5-71 
of  weapons  skid,  36-1-27 

Matrix,  see  Mass  matrices  and  Stiffness 
matrices 

Matrix  analysis 

of  helicopters,  40-4-43 

using  mass  and  stiffness  joiners,  40-1R-2 

on  a  multi-modal  system,  35-5-32 

Matrix  flowgraphs,  38-1-100 

Mean  error 

in  vibration  analysis,  37-2-90 


Mean  square  amplitude 
derivation  of,  38-1-28 

Mechanical  amplifiers 

as  shock  test  facilities,  40-2-205 

Mechanical  filter 

for  shock  transducers,  37-2-37 

Mechanical  fuzes 

shock  tests  on,  37-3-219,  41-3-155 

Mechanical  impedance 

analysis  of  weapon- mount  interface, 
41-5-53 

of  beams,  38-2-222,  41-7-51 
for  calculating  transmission  of  vibration, 
38-2-231,  38-S-19 
for  complex  structures,  38-2-271 
for  damping  calculation,  38-3-89 
data  analysis  for,  41-5-54 
definition  of  point  force,  40-3-231 
for  determining  fixed-base  natural 
frequencies,  38-2-209 
in  dynamic  analysis,  40-2-215,  40-5-135 
effects  of  damping  on,  40-3-236 
equivalence  between  modal  shock 
parameters  and,  41-7-59 
of  foundations,  39-1-123 
of  frames,  38-2-219 
instrumentation  for,  38-2-254,  40-7-29, 

40- 7-64,  41-5-53 

of  piping  systems,  40-4-199 
for  prediction  of  dynamic  environments, 
37-6-27,  38-2-249,  40-3-79 
of  shells,  39-3-107 
in  shock  tests,  39-5-63 
simulation  of,  40-3-233 
of  space-damped  structures,  38-3-35 
using  structural  equivalence,  36-2-63 
for  vehicle  isolation,  38-3-319 
for  vibration  input  control,  37-3-89, 

41- 4-109 

Mechanical  properties  of  elastic  materials, 
38-3-251 


Mechanical  receptance  coupling 

computer  program  for,  38-2-242 
in  spacecraft  system,  38-2-239 
theory  of,  38-2-240 

Mechanical  Signature  Analysis 
of  bearings,  41-4-173 
of  electronic  equipment,  41-4-173 
instrumentation  for,  36-6-74 
of  microelectronic  devices,  41-4-180 
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Mechanical  systems 

frequency  correction  equations  for, 

38- 2-295 

response  of,  38-2-107,  39-3-77 
vibration  of,  39-3-73 
viscous  damping  in,  38-3-111 

Method  of  characteristics 

for  analysis  of  propagation  of  stress 
waves,  41-6-189 

for  analysis  of  spalling  of  structures, 

40- 4-127 

Method  of  initial  parameters,  38-2-157 

Microminiature  amplifiers 

frequency  response  of,  36-6-220 
specifications  for,  36-6-221 
for  transducers,  36-6-215 

Microphones 

calibration  of,  37-2-7 
transfer  function  for,  37-2-9 

Miner’s  hypothesis 

use  for  random  vibration,  41-3-47 

Minuteman  missile 

measurement  of  vibration  for,  37-7-93 
summary  of  vibration  data  for,  37-7-93 
vibration  environment  of,  37-7-98 

Missiles,  see  also  specific  missiles  such  as 
AIM-4D  missile,  Bullpup  missile,  etc. 
bending  of,  38-2-173 
captive  flight  environment  of,  39-1-195, 

39- 6-77,  40-6-67 
components  for 

reliability  of,  39-1-175 
simulation  of  flight  environment  for, 

40-3-293 

failure  rate  tests  for,  39-2-99 
flight  test  program  for,  39-6-102 
launch  dynamics  of,  41-6-219 
launch  environment  for,  40-6-1 
predicted  vs  measured  environment, 

39-6-117 

prediction  of  dynamic  environments  for, 

41- 4-189 

prediction  of  fatigue  life  in,  40-6-67 
response  to  ejection  loads,  40-6-1 
response  to  ship  loading,  37-7-68 
response  to  shock  in  tracked  vehicles, 
41-2-166 

rocket-propelled  sled  tests  on,  39-1-175 
shipping  containers  for,  39-6-57 
shock  in,  39-S-l,  40-2-1 
shock  isolation  of,  36-2-89,  39-4-213, 
39-6-59 

shock  spectra  for  shells,  38-2-43 


simulation  of  captive  flight  environment, 

39- 6-86 

test  facility  for  simulation  of  launch 
environment,  40-6-1 

vibration  in,  37-1-150,  37-7-93,  40-4-163, 
41-1-190 

vibration- induced  errors  in  guidance 
systems,  37-2-87 

vibration  qualification  tests  of,  40-6-67 

Mobile  shelters 

shock  isolators  for,  39-4-179 

Mobility,  see  Mechanical  impedance 

Modal  analysis,  see  also  Modal  characteristics, 
Dynamic  analysis,  Shock  analysis,  Structural 
analysis,  and  Vibration  analysis 
of  aircraft  carrier,  37-4-146 
automated  system  for,  41-3-25 
of  bridges,  41-4-106 
of  focal  isolation  system,  38-3-265 
uL  foundations  for  shipboard  equipment, 

40- 7-171 

of  frame  structures,  40-7-172 

of  helicopters,  36-3-71 

use  of  hybrid  computers  for,  41-3-25 

instrumentation  for,  36-3-86 

at  launch  vehicle,  37-3-113 

phase  separation  techniques  in,  36-3-89 

of  re-entry  vehicles,  36-3-83,  40-3-31 

of  spacecraft,  38-2-143,  41-3-26 

of  structures,  39-3-55,  39-3-99,  39-3-144, 

41- 7-10 

from  test  data,  38-2-271,  41-7-9 

Modal  characteristics  of  structures,  39-4-33 

Modal  combination 

computer  program  for,  38-2-139 

Modal  coupling 

for  Apollo  Applications  mathematical 
model,  39-3-58 

mathematical  analysis  of,  39-3-100 

Modal  damping 

effects  of  tuning  on,  37-6-60 

loss  factor  from  modal  mass,  38-2-271 

loss  factor  from  vibration  data, 

38-2-289 


Modal  density 

of  beams,  39-3-1 

erf  panels,  38-S-9,  39-3-1 

of  printed  circuit  boards,  38- S- 7 

of  shells,  40-3-69 

of  systems,  36-5-47 

of  Upstage  test  vehicle,  41-6-15 
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Modal  displacement  ratio 

versus  mass  ratio,  41-6-214 

Modal  effective  mass 

definition  of,  39-3-143 
measured  vs  calculated,  39-3-149 
measurement  of,  39-3-147 
erf  structures,  39-3-143 

Modal  mass 

for  calculation  of  loss  factor,  38-2-271 
determination  from  vibration  tests, 

38-2-271 

Modal  orthogonality 

discussion  of,  41-3-38 

Modal  response 

of  elastic-plastic  system,  37-4-73 
of  single  resonator,  40-4-18 

Modal  response  suppression  factor 
for  distributed  parameter  system, 

38- 2-277 

relationship  to  modal  mass,  38-2-271 
Modal  surveys 

correlation  of  analysis  and  test,  39-2-129 
use  of  generalized  mass  matrix  for, 

39- 2-127 

of  Mariner  spacecraft,  39-2-123 
of  panels,  39-3-10 
of  Saturn  I,  39-2-135 
of  scale  models,  39-3-39 
of  shells,  38-1-89,  39-3-107 

Modal  synthesis 

for  mode  shapes  of  rocket  motor, 
41-6-119 

for  natural  frequencies  of  rocket  motor, 
41-6-119 

of  structures,  40-4-25 
Modal  velocity 

as  criterion  of  severity  of  shock,  40-2-31 

Modal  weight  criterion 

for  selection  of  normal  modes,  40-7-167 

Mode  numbers 

of  beams,  36-4-86 

Mode  shapes 

of  aircraft  from  ground  vibration  tests, 
39-2-63 

antennas,  41-6-110 
for  automobiles,  40-4-94 
beams,  36-4-55,  38-2-166,  40-5-283, 
41-6-163,  41-6-211,  41-7-51 


data  analysis  equipment  for  mapping  of, 
39-2-64 

of  deck  with  simulated  equipment,  41-1-4 

for  foundations,  39-3-172 

of  frames,  38-2-2. >5 

vjl  inertial  reference  unit,  40-3-260 

from  model  tests,  37-3-128 

of  plates,  38-1-48,  39-2-43,  39-4-81, 

39- 4-93,  41-7-29,  41-7-37 
of  panels,  40-4-139 

effect  of  cavity  on,  40-4-142 
of  radio  telescope,  40-4-156 
erf  rings,  39-1-151 
of  rocket  motors,  41-6-119 
of  Saturn  I  launch  vehicle,  39-2-141 
of  Saturn  V  dynamic  test  vehicle.  40-5-268 
of  scale  model  hulls,  41-S-23 
of  shells,  38-2-79,  39-3-107 
of  sonar  transducers,  41-1-28 
of  Standard  ARM,  40-6-80 
of  structures,  40-4-25,  40-7-33, 

40- 7-207,  40-S-13,  41-7-9 
from  test  data,  41-7-9 

of  tubes,  41-7-148 

Mode  tuning 

for  aircraft  ground  vibration  survey, 
36-3-67 

Model  tebts 

for  determination  of  strain  response, 
36-5-78 

instrumentation  for,  37-3-126 
mode  shapes  fxom,  37-3-128 
Schlieren  photographs  from,  37-3-135 

Models,  see  also  Dynamic  models, 
Mathematical  models,  and  Scale  models 
of  blast  closure  valves,  40-2-133 
digitally  simulated,  38-2-119 
for  dynamic  analysis,  40-4-89 
for  evaluation  of  linear  damping, 

36-4-65 

of  focal  isolation  systems 

vibration  tests  of,  38-3-  268 
lumped  parameter,  39-3-153 
mass-spring  of  building,  38-2-190 
of  shock  isolation  systems,  41-2-58 
for  spacecraft  reliability,  36-7-4 
of  transducers,  41-3-91 
for  wind  tunnel  tests,  36-7-80,  37-3-121 

Modes,  see  Bending  modes,  Modal 
characteristics,  and  Normal  modes 

Modified  Clarkson  Method,  39-3-88 

Modular  concept  for  shock  and  noise  isolation. 
38-3-243 
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Momt  at  of  inertia 

composite  loss  factor  vs,  38*3-33 

Moment  technique 

for  system  identification,  38-2-119 

Monte  Carlo  Method,  36-5-6 

Moving  loads 

response  of  structures  to,  40-3-99, 
40-4-47 

Multi-axis  tests 

control  of,  40-S-185,  41-4-34 

for  transportation  vibration,  41-3-119 

for  vibration  of  spacecraft,  40-3-179 

Multiple-  degree- of  -f reedom  simulator 

for  railroad  car  environments,  41-3-120 

Multi-degree-of-f reedom  systems 
dynamic  analogies  for,  37-2-59 
dynamic  analysis  of,  40-1R-1 
flutter  in,  40-5-235 
mathematical  analysis  of,  41-6-93 
mathematical  model  of,  36-5-1 
mechanical  impedance  analysis  of, 
40-2-216 

response  characteristics  of,  39-3-161 
Ritz  averaging  procedure  for,  39-3-162 
shock  spectra  for,  40-4-17 
zeros  and  poles  of  transfer  function  for, 

40- 2-219 

Multimodal  fixtures 

for  vibration  tests,  38-1-120 

..lti- modal  system 
fatigue  damage  to,  36-5-17 
matrix  analysis  of  a,  36-5-32 

Multi-point  control 

of  vibration  tests,  37-3-75,  41-4-33  , 

Munson  road  tests,  37-7-44 

Myklestad's  Method 

for  coupled  flexure-torsion  vibration, 

41- 7-109 

derivation  of,  41-7-119 
N 

NASTRAN  computer  program 

for  analysis  of  critical  speeds  of  shafts, 
41-6-206 

Natural  frequency,  see  also  Frequency 

of  ammunition  conveyor  system,  40-4-120 
of  anisotropic  material,  39-3-201 


of  antenna,  41-6-110 

beams,  38-2-133,  40-4-2,  40-4-49, 

40-5-277,  41-6-163,  41-6-211,  41-7-51 
of  box  cars,  41-4-148 
calibration  of  accelerometers,  41-3-3 
of  decks,  40-1-4 
of  frames,  38-2-225,  39-3-35 
of  Inertial  reference  unit,  40-3-260 
of  lumped  parameter  systems,  39-3-158 
of  panels,  39-3-191,  40-3-59,  40-4-139 
of  piping  systems,  40-4-147 
of  plates,  38-1-48,  39-4-73,  39-4-81, 

39- 4-93,  40-5-97,  il-7-29,  41-7-37 
erf  printed  circuit  boards,  40-3-111 
of  radio  telescope,  40-4-156 

of  re-entry  vehicles,  40-3-40 

of  rings,  39-1-150 

of  rocket  motors,  41-6-119 

of  rotor  bearings,  40-3-286 

of  scale  models,  39-3-42 

of  shafts,  40-4-163,  41-6-208 

of  sheila,  38-2-79,  39-3-107,  40-3-131, 

40- 4-209,  41-7-151 
of  ships,  38-1-125 

of  solar  panel  i,  40-3-52 

erf  sonar  transducers,  41-1-29 

of  suspension  systems,  39-6-59 

of  structures^  40-4-25,  40-4-58,  40-7-207, 

40-S-13,  41-6-75,  41-8-103,  41-7-9 
of  transmitters,  40-7-86 
tubes,  41-7-147 


Naval  guns 

environment  from,  &6-2-5S 
Navigation  ratio 

as  an  indicatir.i  of  performance  mal¬ 
function,  39-2-100 
measurement  of,  39-2-101 

NERVA  Nuclear  reactor 
shock  tests  on,  36-1-50 
vibration  analysis  of,  36-1-45 
vibration  tests  on,  36-1-50 


New  York  State  Safety  Sedan,  38-3-325 

Natural  vibration  modes,  see  Modal  analysis 
and  Modal  characteristics 


Nike-X  missile 

shock  test  facility  for,  37-4-127 

Nimbus  Spacecraft 

vibration  tests  on,  40-3-243 

Noise,  see  also  Acoustic  noise 

classification  of  sources,  36-5-97 
comparison  with  spacecraft  vibration 
spectra,  36-7-97 
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(tamping  treatments  for  attenuation  of, 

39-1-159 

definition  of  field  in  acoustic  test  facility, 

37-S-47,  39-2-87 
in  helicopters,  41-4-221 
interaction  with  structures,  36-5-48 
isolation  of,  38-3-243 
liquid  flow  in  water,  41-2 -151 
from  machinery,  39-1-167 
measurements  of,  37-S-74 
in  piping  systems,  39-1-155,  40-4-197 
prediction  levels  of,  36-5-86 
> eduction  of,  38-3-243,  40-4-103 
response  to,  36-5-99 
simulation  in  acoustic  test  facility, 

37- S-64 

simulation  at  reduced  pressures,  41-3-207 
transmission  through  foundations,  38- S- 19, 
39-1-167 

Noise  generators,  see  Acoustic  te«i  facilities 
Nomograph 

for  resonant  frequencies  of  dncts,  40-5-72 
for  response  of  ducts,  40-5-77 

Non-destructive  tests 

holographic  interferometry  in,  41-3-63 

Nonlinear  damping 

transient  response  of  mounting  system 
with,  41-2-34 

Nonlinear  springs 

characteristics  of,  36-7-105 
in  suspension  systems,  36-7-103 

Nonlinear  systems 

analog  com, niters  in  study  of,  36-6-43 
mathematic  il  analysis  of  two  degree  of 
freedom,  39-3-161 
shock  in,  39-5-1 

Nonlinear  vibration 
of  plates,  40-3-119 

Normalization 

of  structural  mode  shapes,  39-2-63 

Normal  mode  method 

for  shock  analysis,  36-7-129,  37-4-91, 

38- 2-11 

Normal  modes,  see  also  Bending  modes,  and 
Modal  characteristics 

of  beams,  38-1-69,  40-4-50,  40-7-34 
computer  program  for  analysis  of, 
36-6-101 

of  dynamic  systems,  40-5-135 
of  panels,  40-3-60 


of  plates 

holography  for  identification  of, 

40-7-36 

of  piping  systems,  40-4-147 
of  re-entry  vehicles,  40-3-40 
selection  of 

lor  Dynamic  Design  Analysis  M  ,thod 
(DDAM),  40-7-165 
NRL  criterion  for,  40-7-166 
„  of  shipboard  equipment,  39-1-25,  39-1-55, 

39- 3-117,  39-S-41 

of  solar  panels,  40-3-49 

of  shells,  39-1-155,  41-7-151 

of  structures,  38-3-132.  37-3-99,  39-4-31, 

40- 3-49,  40-7-165,  41-2-105,  41-6-103, 

41- 7-135 

of  tanks,  41-7-164 

Nuclear  detonations,  see  also  Gas  detonations 
effects  on  submarines,  39-1-98 
simulation  of  shock  loads  from,  40-2-243, 

41-5-167 

free  field  environments  for,  41-5-137 
analysis  of  response  of  systems  to, 
41-5-140 

Nuclear  fuel  capsules 
impact  of,  40-2-193 
shells  for,  39-5-21 

Nuclear  power  plant 
SNAP  10A,  36-7-73 

Nuclear  weapons 

simulation  of  effects  of  with  detonable 
gas  explosions,  37-4-199 
shock  environment  for,  37-4-97,  39-1-93 

Nyquist  plot 

of  co-quad  phasors,  37-2-80 
O 

OH-4A  helicopter,  38-3-263 

performance  evaluation  of  vibration 
Isolator  for,  38-3-272 

OH-6  helicopter 

response  to  gunfire,  40-1-66 

OV-10  aircraft 

vibration  of  weapon,  40-S-47 

Oil  film 

as  a  mechanism  for  damping,  38-3-45 
Open  cell  foam 

dynamic  analysis  ot,  10- 5- 291 
predicted  vs  experimental  dynamic 
c'.uiracteristics  of,  40-  5-303 
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prediction  of  force-time  history  for, 
40-5-300 

as  shock  isolator,  40-5-291 
as  vibration  isolator,  40-5-291 

Operation  Prairie  Flat,  40-1-31,  40-1-45, 
40-1-75,  40-2-83,  40-2-101 

Operation  Sailor  Hai 

shear  force  measurements  in  deckhouse, 

39- 1-117 

Optical  systems 

data  analysis  using,  36-6-91 
Fourier  transforms  in,  36-6-96 

Orbiting  Astronomical  Observatory  (OAO), 
40-3-179 

analysis  of  flight  dynamic  loads,  40-3-181 
combined  environmental  tests  on, 

40- 3-189 

criteria  for  dynamic  environment  for, 
40-3-180 

qualification  tests  of,  40-3-179 
structural  qualification  loads  for, 

40- 3-182 

test  facility  for  qualification  of,  40-3-182 

Orbiting  Geophysical  Observatory  (OGO) 
acoustic  environment  of,  36-7-91 
acoustic  tests  of,  37-3-21 
response  to  random  vibration,  37-3-21 
vibration  absorber  for,  37-6-57 

Ordnance 

specification  for  shock  hardening  of, 

41- 5-80 

Overload  protection 

during  vibration  tests,  39-2-11 

Overpressures 

free  field  blast  from  gunfire,  39-6-142 
for  full-scale  and  model  blast  closure 
valves,  40-2-136 

Overtest 

criteria  for,  36-3-6 

elimination  of  using  force  control,  36-3-5 
P 

Packaged  equipment 

damage  boundaries  for,  40-6-127, 
40-6-133 

design  procedures  for,  40-6-135 
fragility  of,  40-6-127,  40-6-133 
repeated  shock  tests  of,  39-6-15 
simulated  drop  test  of,  40-6-139 


Packages 

drop  height  recorder  for,  39-6-19 
effect  of  size  on  drop  height,  37-7-14 
effect  of  weight  on  drop  height,  37-7-13 
measurement  of  transportation 
environments  for,  39-6-19 
rough  handling  environment  of,  37-7-1 
vibration  environment  within,  37-3-16 

Palmgren- Miner  hypothesis 

for  prediction  of  fatigue  failure,  40-4-99 

Panels 

acoustic  fatigue  of,  38-1-1 

acoustic  excitatlor  of,  40-3-57,  40-5-49 

composite 

acoustic  tests  of,  39-4-101 
modal  densities  for,  39-3-12 
natural  frequencies  of,  39-3-15, 
39-3-191 

properties  of,  39-3-191 
strain  response,  39-4-104 
structural  analysis  of,  39-3-1 
vibration  of,  39-3-1,  39-3-191 
correlation  functions  for,  40-3-59 
dynamic  analysis  of,  40-4-139 
effect  of  cavity  on  vibration,  40-4-142 
modal  densities  of,  38- S-  9 
natural  frequencies  of,  40-3-59,  40-4-139 
normal  modes  of,  40-3-60,  40-4-139 
prediction  erf  flutter  speeds  in,  40-4-139 
response  of 

to  boundary  layer  noise,  40-3-63 
to  rocket  propelled  sled  environments, 
41-7-1 

strain  response  of.  08-1-2 
vibration  of,  40-5-49 

Paracril-BJ 

properties  of,  38-3-61,  38-3-157 

Parametric  analysis 

of  spacecraft,  39-2-149 

Parametric  excitation 
of  structures,  40-2-57 

Parametric  vibration 

of  columns,  39-3-247,  41-6-1 
of  plates,  40-3-119 

Partial  full  scale  shock  test  machine 

displacement  time  history  for,  39-4-222 
as  shock  test  facility,  39-4-216 

Perissogyro 

as  vibration  absorber,  37-6-49 

Perturbation  analysis 

equations  for,  40-7-178 
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for  multi-mass  systems,  40-7-177 
PTURB  computer  program  for,  40-7-179 

Phase  control  system 

dynamic  characteristics  of,  36-3- ISO 
response  limitation  of,  36-3-151 

Phase  plotting 

for  vibration  tests,  37-2-77 

Phase  separation  techniques 
in  modal  analysis,  36-3-89 

Phoenix  Missile 

acoustic  excitation  of,  39-6-93 
captive  flight  environment  for,  39-6-77, 

39-6-93 

environmental  measurements  in  F-lllB 
aircraft,  39-6-93 
flight  vibration  of,  39-6-93 
prediction  of  captive  flight  environment 
for,  39-6-77 
shock  in,  39-6-93 

Photography 

for  studying  motion  of  structures, 
36-6-197 

Physiological  effects 
from  shock,  41-2-5 
from  vibration,  41-2-16 

Piezoelectric  accelerometers,  see 
Accelerometers 

Piezoelectric  properties 
of  elastomers,  39-2-1 
of  polymers,  39-2-1 

Piezoresistive  accelerometers,  see 
Accelerometers 

Piping 

shock  resistance  in  for  ships,  40-S-l 
shock  tests  of  supports,  40- S- 4 
damping  in,  39-1-143 

dynamic  analysis  of,  40-4-147 
effects  of  impact  on,  40-S-3 
fluid  flow  through,  40-2-70 
fluid  structure  coaling  in,  40-4-197 
forcing  functions  for,  39-1-155 
frequency  response,  40-4-198 
mass  matrix  for,  40-4-148 
me  ..anical  impedance  for,  40-4-199 
MIL-S-901C  shock  tests,  40-S-l 
natural  frequencies  of,  40-4-147 
noise  in,  39-1-156,  40-4-197 
normal  modes  of,  40-4-147 
stiffness  matrix  for,  40-4-149 
stress  waves  in,  40-5-157 


vibration  transmission  for,  40-4-204 
vibration  of,  39-1-155,  40-4-197 

Plastics 

for  scale  models,  39-3-39 

Plates 

composite 

damping  of,  40-5-93 
dynamic  analysis  of,  39-4-73, 
39-4-81,  39-4-93  ,  40-5-93 
mode  shapes  of,  39-4-81,  39-4-93 
natural  frequencies  of,  39-4-73, 

39- 4-81,  39-4-93,  40-5-97 
stresses  in,  39-4- 73 
vibration  of,  39-4-73,  39-4-81, 

M.1.M  1/1.1:  M 

damping  in,  39-4-67,  40-5-93,  41-2-106 
deformation  by  exploding  projectile, 
37-1-97 

deformation  as  a  function  of  thickness, 
37-1-104 

cm  distributed  foundations,  41-5-102 
dynamic  analysis  of,  38-1-45,  39-3-205, 

39- 4-73,  39-4-81,  39-4-67,  39-4-93, 

40- 3-99,  40-1-119,  40-5-93,  41-5-101, 

41- 7-29,  41-7-41 

on  elastic  half  space  foundations.  40-4-21G 
on  elastoplastic  foundations,  40-4-221 
finite  elements  of,  40-3-100 
mass  matrix  for  bending,  41-7-12S 
mathematical  analysis  of,  39-3-197, 
39-3-206,  39-3-234,  39-4-65,  39-4-74 
mathematical  model  of,  40-2-235 
mode  shapes  of,  39-2-43,  39-4-81, 
39-4-83,  41-7-29,  41-7-37 
natural  frequencies  of,  39-4-73,  39-4-81, 
39-4-93,  40-5-97,  41-7-29,  41-7-37 
parametric  response  of,  39-3-205, 

39- 3-233,  40-3-119 
response  of 

to  acoustic  excitation,  36-5-104 
to  boundary  layer  noise,  36-5-102 
to  moving  loads,  39-3-233,  40-3-99 
to  "mock,  39-4-63,  40-4-217, 

41-3-64,  41-5-101 
to  traveling  pressure  pulses, 

40- 4-217 

shock  wave  propagation  in,  39-5-13 
statistical  energy  analysis  of,  36-5-4C 
stiffness  matrix  for  bending,  41-7-126 
stresses  in,  39-4-73  ,  40-  7-204 
vibration  of,  38-1-37,  38-1-45,  39-3-197, 

.  39-3-205,  39-4-73  ,  39-4-81,  39-4-93, 

40- 3-119,  40-5-93,  41-7-31,  41-7-37 
vibration  tests  of,  39-3-210 


Pliers  event 

shock  loads  in  tower  during,  41-6-75 
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Pneumatic  springs 

mathematical  analysis  of,  41-3- 181 
as  shock  isolators,  41-2-57 
for  testing  of  projectiles,  41-3-175 
for  variable  resonant  vibration  exciter, 

38- S-3 

Polaris  missile 

field  handling,  36-7-145 

shock  during  ship  loading,  37-7-67 

Polyethylene  foam 

characteristics  of,  38-3-177 

Polymers 

piezoelectric  properties  of,  39-2- 

Polystyrene  foam 

characteristics  of,  38-3-179 

Polyurethane  foam 

properties  of,  36-2-90,  38-3-177 
shock  isolation  with,  36-2-89,  40-5-285 
vibration  isolation  with,  40-5-285 

Polyvinylchloride-acetate  (PVC-A) 
properties  of,  40-4-90 

Polyvinylchloride  foam 

properties  of,  38-3-179 

Poseidon  missile 

shock  isolation  system  for,  39-4-214 

Potential  flow  model 

for  cylinders,  41-6-32 

Power 

equivalence  in  components  of,  41-3-83 

Power  dissipation 

of  kinetic  energy,  37-2-99 

Power  spectra,  see  also  Acoustic  spectra 
and  autocorrelation  function,  37-2-90 

Power  spectral  density,  see  alco  Cross-power 
spectral  density 

on  air  suspension  trucks,  37-7-21 
definition  of,  39-2-90 
versus  dynamic  pressure,  o7  "  "" 
of  firing  pulse  of  thruster,  40-3-269 
high  speed  computation  of,  36-6-47 
fo  mechanical  systems,  39-3-75 
for  multiple  square  wave  shock  pulses, 

39- 5-85 

for  railroad  cars,  40-6-113 
in  rocket  engines.  37-2-121 
with  selective  bandwidth,  36-6-63 
for  space  vehic'es,  40-4-171 


for  S^OL  aircraft,  40-6-96 

for  vibration  of  Metroliner,  40-6-95 

Power  transmission  lines 
galloping  of,  39-3-175 

Prediction,  see  environment  or  effect  predicted 

Pressure  pulses 

in  hydraulic  systems,  41-5-143 

Pressures 

acoustic  tests  at  low,  41-3-207 

Pressure  time  history 
for  air  blast,  37-4-188 
for  underwater  explosions,  39-1-4,  40-1-10 

Pressure  vessels 

shock  analysis  of,  40-1R-7 

Prime  movers 

shock  tube  facility  for,  37-4-127 

Printed  circuit  boards 

modal  density  of,  38- S- 7,  38-S-ll 
\ibration  response  of,  38-S-5 

Project  PYRO,  38-2-177 

Project  Sure  Fire,  37-2-117 

Projectiles 

deformation  of  steel  plates  by,  37-1-97 
hard-wire  instrumentation  on,  41-3-175 
impact  on  armor,  41-5-69 
inteiaction  with  target,  37-1-116 
penetration  of.  37-1-115 
pneumatic  spring  for  testing  of,  41-3-175 
simulation  of  firing.  41-3-175 
test  facility  for.  41-3-175 

Propeller  shafts 

critical  speeds  of,  36-6-121 

Protective  structures 

effects  of  air  blast,  38-2-187 
effect  ot  ground  shock  on,  38-2-187 
mathematical  analysis  of.  39-4-208, 

40-2-243 

mathematical  model  of, 39-4-200,  40-2-244 
shock  isolation  systems  for,  39-4-199 
shock  loads  for.  40-2-244 
shock  tests  of  equipment  in,  40-2-243 

Proximity  probes 

vs  accelerometer,  40-7-22 

calibration  of,  40-7-22 

for  neasurement  of  displacement, 

40-7-17 
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Pulsed  random  vibration  tests,  40-3-267 
pulse  gating,  36-6-40 

Pyrotechnic  devices 

for  ejection  of  munitions,  41-5-89 
flight  events  by,  41-5-1 
shock  spectra  for,  41-5-2 
shock  tests  with,  41-5-11 

Pyrotechnic  shoe'.,.  <• 

attenuatio’i  of,  36-2-79,  37-5-40,  41-5-4 
criteria  for  prediction  of,  41-5-1 
damage  from,  41-5-10 
data,  37-2-30,  41-5-1,  41-5-9 
data  analysis  for,  37-4-21 
definition  of  problem  of,  40-2-21 
in  heat  shield,  36-2-63 
in  honeycomb  structures,  37-4-15 
instrumentation  for,  37-4-17 
mass  loading  effects  on,  41-5-13 
in  miss  les,  39-S-l,  40-2-21 
response  spectra  for,  36-2-73 
shock  spectra  for.  41-5-2.  41-5-10 
simulation  of,  36-2-71,  41-5-9 
in  structures,  40-2-21,  41-5-9 
in  SUU-38  munitions  dispenser,  41-5-89 

Q 

Quad  phasors,  37-2-77 

Qualification  levels 

for  vibration  tests,  37-7-176 

Qualification  tests,  see  also  Quality  Control 
tests* 

acoustic  tests  for,  37-5-139,  37-5-167 
of  captive  airborne  weapons.  39-S-33 
comparison  to  flight  vibration,  41-3-47 
<  a  missiles,  40-6-67 
of  solar  panels,  39-2-127 
on  spacecraft,  36-7-1,  40-3-20,  40-3-179 
vibration  and  structural  reliability, 
36-7-1 

Quality  control  tests,  see  also  Qualification 
tests 

for  missiles,  39-2-199 
R 

Radar  antenna 

of  damping,.  38-3-58 

Radioactive  materials 

air  gun  for  testing,  41-3-194 
impact  sensitivity  of 41-3-1 94 

Radio  Ast  "ononty  Explorer  satellite,  36-6-195 


Radomes 

for  antennas,  40-1-32 
Railroad  cars 

dynamic  analysis  of,  39-6-52,  40-6-109 
simulation  of  displacement  of,  39-6-53 
simulator  for  environments  r',  41-3-120 
suspension  systems  for,  40-C  .09 
vibration  of,  40-6-109 

Railroads 

effect  of  track  roughness  on  cargo.  39-6-47 
transportability  criteria  for  cargo,  40-6-85 
transportation  environment  for,  39-6-47 

Random  vibration 

of  aircraft  equipment,  41-S-25 
analysis  of.  37-2-89 

by  finite  element  method,  38-1-7 
mean  error  in.  37-2-90 
using  optical  systems,  36-6-91 
of  beams,  37-3-93 
calculation  of  displacement.  40-3-2 
computations  of,  38-1-27 
cross  correlation  between  multiple  inputs, 

39- 2-51 

effects  on  humans,  41-2-13 
energy  summation  for,  40-3-143 
environments,  41-3-43 
errors  in  guidance  systems  from,  37-2-87 
fatigue  damage  from,  36-4-76,  40-3-1 
of  flight  vehicles,  41-6-9 
Fourier  analysis  ol,  38-1-18 
frequency  analysis  of  repetitive  buists, 
38-1-17 

frequency  of  zero  crossings,  40-3-2 
identification  of  system  parameters, 
38-2-122 

of  inertial  accelerometers.  37-2-87 
of  integrated  systems,  37-3-151 
isolation  of.  38-3-285 
kinetic  energy  of,  40-3-139 
mechanical  impedance  for  predic’ion  of. 

40- 3-79 

of  missiles  in  captive  flight,  39-1-195 
non- stationary,  40-4-174 
of  panels.  40-  5-49 

parametric  response  of  plates  to,  40-3-119 
of  payloads  m  shells,  40-3-45 
prediction  ol  response  to,  37-3-61 
response 

of  plates,  39-3-205,  40-3-119 
of  isolation  systems,  40-5-210 
of  linear  systems.  37-3-89,  39-3-73 
of  mechanical  systems,  39-3- 77 
of  single-degree-ol-lreedom  systems, 
39-3-73 

ol  shells.  40-3-45.  40-4-209 
shock  tests  rsing,  39-  5-83 
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for  simulation  of  engine  cutoff,  37-4-62 
versus  sinusoidal  vibration  on  humans, 
41-2-16 

of  spacecraft,  39-6-119 
specifications  analysis,  38-2-52 
stationary,  40-4-172 
and  strain  response,  36-5-81 
of  structures,  39-3-55,  41-2-105,  41-6-197, 
41-7-195 

system  identification  under,  38-2-120 
tests 

control  of,  36-3-1  5,  36-3-47,  37-3-47, 
37-3-61,  37-3-89,  41-4-77 
mechan;f  '  impedance  for  control  of, 
37-3-85 

with  multiple  shakers,  36-3-92, 
36-3-153,  37-3-89,  37-3-151,  39-2-51 
specification  of,  41-4-109 
transfer  function  for,  36-5-88 
transmission  through  structures,  38-2-231 

Range  of  variation 

definition  of,  37-3-77 

Rayleigh  distribution 

to  derive  peak  exceedance  curve,  41-3-44 

Rayleigh’s  Principle 

in  vibration  analysis,  40-7-210 

Ravleigh-Ritz  Method,  38-2-169 

RC  averaging  error,  41-4-93 

Reactor  fuel  assembly 

damping  model  for,  36-4-72 

Real-time  analysis 

analog  computer  for,  41-3-55 

Reciprocity  calibration 

of  probe  for  vibration,  40-7-50 
of  vibration  exciters,;  36-6-185 
recoil  simulation  of,  41-3-187 
in  small  arms,  41-5-53 

Re-entrv  vehicles 

acoustic  excitation  of,  40-3-31 
aerodynamic  loads  for,  39-1-223 
flight  vibration  tests  of,  36-3-113 
modal  analysis  of,  36-3-83,  40-3-31 
natural  frequencies  of,  40-3-40 
pyrotechnic  shoe,  tests  of ,  36-2- 71 
resonance  tests  of,  36-3-83 
structural  model  of..  37-4-67 

Regression  analysis 

in  combined  environment  tests..  36-6-83 
tor  prediction  of  vibration,.  37-7-81, 

39-6-122 


Reliability 

of  components,  39-1-175 
determination  of,  36-7-9,  36-7-29 
improvement  of,  41-2-141 
of  spacecraft, 

analysis  of,  40-3-11 

effect  of  qualification  tests  on,  36-7-1, 

40- 3-20 

model  for,  36-7-4 
tests 

of  electronic  equipment,  36-7-23, 

41- 4-123 

of  propulsion  systems,  36-7-21 
of  warheads,  39-1-177 

Residual  thrust  oscillation 
definition  if,  40-4-171 

Feso^'mce 

of  composite  panels,  39-3-15,  39-3-195 
of  ducts,  40-5-72 

of  reinforced  concrete  beams,  38-2-133 
tests  of  re-entry  vehicles,  36-3-83 

Resonant  frequency,  see  Natural  frequency 

Resonant  systems 

effect  of  sweep  rate  on,  41-4-95 

Response 

.  to  acoustic  excitation 
of  beams,  33*5-77 
measurement  of,  37-S-53 
of  panels,  38-1-1,  39-4-101 
prediction  of,  41-4-87 
of  re-entry  vehicles,  40-3-38 
of  solar  panels,  40-3-49 
of  spacecraft.  36-3-42 
of  structures,  36-5-89,  36-5-97, 

36-4-49,  39-3-55.  40-3-57 
to  aerodynamic  loads 

of  re-entry  vehicles,  39-1-223 
to  air  blast 

of  antenna,  37-4-151 ,  40-1-31,  40-1-45 
of  gas  turbines,  40-2-147 
of  hulls,  37-4-143 
of  re-entry  vehicles,  39-1-223 
of  shells,  37-4-177 
of  structures,  37-4-169,  37-4-177 
of  target, ,  41-1-40 
upper  and  lower  bounds  for,  37-4-169 
of  aircraft  to  crash  loads,  38-3-165 
characteristics  of  two-degree-of-freedom 
systems,  39-3-161 

comparison  of  shock  and  vibiation,  36-7-66 
digital  computers  for  determining  nnm-max,: 
36-5-71 

to  dynamic  loads 

of  beams,  3,1-3-39 

of  stiffened  plates,-  39-3-233,;  40-3-102 
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of  structural  elements,  38-2-157 
of  two  degree  of  freedom  nonlinear 
systems,  39-3-161 

effect  of  Coulomb  damping  on,  36-1-47 
effect  of  temperature  on,  40-5-4 
errors  in  prediction  of,  36-1-7 
of  helicopter  structures  to  gunfire, 
41-4-195 

to  launch  environments,  38-2-67 
limitation  of  amplitude  control  system, 

36-3-151 

limitation  of  phase  control  system, 

36-3-151 

of  missiles  to  ship  loading,  37-7-68 
optimization  for  railroad  cars,  40-6-117 
to  shock 

of  bilinear  system,  36-6-45 
of  columns,  40-2-115 
of  continuous  systems,  38-2-112 
of  crash  energy  dissipators,  39-4-236 
of  cylinders,  36-5-106 
distributed  mass  systems,  37-4-48 
of  elastic  half-space,  39-5-13 
of  electronic  equipment,  36-7-129, 

37-4-98 

of  fluid  in  gauge  system,  40-2-67, 
41-7-192 

of  forced  draft  blower,  38-2-103 
of  fragmenting  tubes,  40-5-128 
of  glass  structures,  40-5-175 
of  hard  landing  payloads,  40-2-187 
of  humans,  41-2-5 
of  isolation  systems,  40-5-206, 
41-2-27 

of  liquid  filled  tubes,  41-7-149 
of  mechanical  systems,  38-2-107 
of  missile  stowage  system,  40-2-8 
of  missiles,  37-1-115 
of  nuclear  reactor 

of  optimum  isolation  system,  40-5-208 
of  plates,  36-5-106,  39-4-63 
of  protective  structures,  38-2-187, 

39-4-199 

of  resonators,  40-4-20 

of  rotor  bearings,  40-3-286 

of  second-order  systems,  36-6-37 

of  shells,  38  3-121 

of  ship  decks,  40-1-1 

of  ships,  39-1-21 

of  single-degree-of-freedom  systems, 

39- 5-1,  41-S-46 

of  sonar  transducer,  36-2-31,,  37-1-67 
of  spacecraft,  37-4-1 
of  structures,  38-2-38.  39-4-5, 

40- 2-1,  40-5-175 

of  shock  isolator  to  foundation  velocity, 

38-3-216 

of  small  arms  to  recoil,  41-5-53 
ol  spacecraft  from  subsystem 
characteristics,-  38-2-239 


of  structures 

calculations  for,  38-2-3,  38-2-157, 

40- 3-1 

digital  computer  for  analysis  of, 

37- 4-171 

upper  and  lower  bounds  of  total 
impulse,  37-4-173 
to  vibration, 

of  airborne  weapons,  37-S-107, 

39-S-27,  40-6-9,  40-S-59 
of  boron-epoxy  plates,  39-3-205, 
39-4-81,  39-4-93,  41-7-30 
of  bridges,  41-4-99 
of  damped  structures,  36-6-115. 

41- 2-105,  41-4-99 
of  ducts,  40-5-61 

of  dynamic  systems,  36-5-69 

of  elastomers,  39-2-1 

of  flight  vehicle,  37-7-77 

of  focal  isolation  systems,  38-3-265, 

39- 4-144,  40-5-205 
of  humans,  41-2-13 

of  hydrophones,  37-2-52 
of  inertial  reference  unit,  40-3-260 
of  launch  vehicles,  38-3-104 
of  linear  systems,  37-3-89,  39-3-73 
of  lumped  parameter  systems, 

38- 3-95 

of  mechanical  systems,  41-4-130, 

41-6-42 

of  payload  in  shells,  40-3-45 
of  printed  circuit  boards.  38-S-5, 

40- 3-111 

of  propellant  gauge  system,  41-7-190 
of  rectangular  plates,  39-3-205 
of  reinforced  concrete  beams, 
38-2-133 

of  rotor  bearings,  40-3-283 
of  shafts  in  water,  39-2-217 
of  shells,  38-3-121 
of  spacecraft,  36-5-50 
of  target  acquisition  system,  40-S-63 
of  test  specimens,  36-3-48.  38-1-136 
of  viscoelastic  dampers.  38-3-71 
to  underwater  explosions 
of  shells,  40-1-15 
of  shipboard  equipment,  39-1-55 
of  structures,  41-7-89 
of  submarine  equipment.  39-S-41 

Response  functions 

transformation  of,  36-4-105 

Response  spectra 

of  airborne  weapons  dispenser,  40-5-11 
for  bilinear  hysteretic  beam,  4 1  - 5-^0 
for  blade -like  structures,  39-4-26 
calculation  by  analog  computer.  36-6-37 
lor  columns,  39-3-247.  40-2-115 
concept  of .  36-7-64 
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in  control  of  vibration  tests,  37-3-47 
of  cylinder  during  acoustic  test,  37-5-69 
for  nuclear  airblast.  41-S-46 
for  pyrotechnic  shock,  36-2-71 
from  random  inputs,  39-2-51 
for  remote  compass  transmitter,  40-5-14 
for  shock  in  plates,  41-5-101 
of  spacecraft  electronic  assembly, 

36- 3-30 

of  structures  excited  by  underwater 
explosions,  40-7-190 
for  swept  sinusoidal  vibration,  38-1-133 
for  torsional  shock,  36-7-64 
for  torsional  vibration,  36-7-65 

Reverberant  acoustic  field 

correlation  coefficients  for,  37-5-65 

Reverberation  chamber 

acoustic  tests  ir.,  39-2-87,  41-3-207 

Reynold’s  number 
critical,  39-2-217 
versus  Mach  number,  37-3-127 

RF-4C  aircraft 

vibration  and  acoustic  environments  for, 

37- S-95 

vibration  of  equipment  in.  37-S-103 
Rigid  body 

damped  vibration  of  elasticallv-supported, 
36-7-135 

Rigid  body  modes 

for  helicopter  structures,  41-7-135 
Ring  spring,  41-2-56 
Rings 

composite  loss  factor  for,  39-1-150 
mode  shapes  of,  39-1-151 
natural  frequencies  of,  39-1-150 
vibration  analysis  of,  39-1-144 

Ritz  averaging  procedure 

for  multi-degree-of-freedom  systems, 
39-3-162 

Ritz  Method 

in  vibration  analysis,  39-4-81,  39-4-93 

Riverine  craft 

shock  data  for,  37-1-48 
shock  hardening  of,  37-1-35 
shock  isolation  for  equipment,  37-1-55 
shock  isolation  for  personnel,  37-1-56 

River  Patrol  float 

dynamic  environment  for,  37-7-205 


Road  tests 

simulated  for  tracked  vehicle.  41-3-124 
Road  vehicles 

vibration  isolation  of.  38-3-317 
vibration  tests  of.  41-3-124 

Rocket  engines 

acoustic  excitation  of,  41-6-115 
combustion  instability  in.  40-4-110 
environmental  data  for,  37-2-135 
power  spectral  density  for.  37-2-121 
shock  test  of,  37-2-129 
vibration  tests  of,  37-2-129 
vibration  analysis  of,  41-6-115 

Rocket  Motors,  see  Rocket  engines 

Rocket  Propelled  sleds 

instrumentation  for  tests,  37-3-199, 
41-7-3 

test  data  for  prediction  of  response  of 
panels.  41-7-1 
tests  on  missiles,  39-1-175 

Pocket  vehicles,  see  Missiles 

Rods 

longitudinal  vibrations  of,  40-2-39 
lumped  parameter  mathematical  models 
of.  41-7-62 

Root  locus  equations 

for  binary  flutter.  41-7-113 

Root  locus  method 

m  extension  of  binary  flutter  models, 
41-7-109 

mathematical  analysis  of.  41-7-120 

Rotary  inertia 

definition  of.  39-3-49 
effects  on  vibrating  beams.  38-3-13, 
39-3-49 

Rotating  shaft 

damping  of.  38-3-112 

Rotor  blades 

balancing  of.  36-7-113 
mathematical  model  of.  40-2-237 
vibration  isolation  of,  38-3-263 

Rough  handling 

drop  height  during,  37-7-4 

effect  of  distribution  system  on,  37-7-8 

environments  for  cargo,  37-7-1 

during  loading  of  ships,  37-7-67 

measurement  ol,  36-6-173 

shock  recorder  tor.,  39-6-19 
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shock  spectra  for,  37-7-16 
transportation  environments  during, 

37- 7-1 

Rough  road  tests 

comparison  to  MIL-STD-810A,  37-7-63 
S 

Safeguard  facility  equipment 
shock  tests  on,  40-2-243 

Safety  criteria  for  automobiles,  38-3-325 

Safety  factors 

derivation  for  spacecraft  equipment, 
40-3-94 

for  design  of  spacecraft  structures, 

40-3-89 

SAM-D  Missile 

rail  launch  dynamics  of,  41-6-219 

Sandwich  panels,  see  Panels 

Sandwich  plates,  see  Plates 

Sate  11  itet;,  see  Spacecraft 

Saturn  launch  vehicles 

acoustic  environment  of,  39-6-133 
dynamic  test  vehicle,  40-5-261 
fixture  for  component  vibration  tests, 

38- 1-87 

prediction  of  dynamic  characteristics, 
40-5-268 
S-IB  stage 

bending  modes  for,  37-3-113 
combustion  instability  tests,  40-4-109 
data  from  dynamic  tests,  37-3-115 
dynamic  tests,  37-3-99 
isolation  system  for  dynamic  test 
stand,  37-3-101 

measured  versus  predicted  modes, 

39-2-139 

modal  survey,  39-2-135 
structural  analysis,  39-2-136 
S-IC  stage 

acoustic  tests  on  fin  structures, 

37-5-167 

engine  cutoff  vibration,  37-4-59 
reliability  program  for,  36-7-19 
S-H  stage 

acoustic  vs  mechanical  excitation  for, 
37-5-135 

analysis  of  data  from,  36-6-47,  36-6-55 
assembly  level  vibration  tests, 

37-5-121 

launch  vibration  environment, 

37-5-117 


S-IVB  stage 

assembly  level  vibration  tests, 
37-5-121 

data  analysis  for  vibration  tests, 
37-2-109 

high  force  vibration  tests,  37-3-137 
test  criteria  for  vibration,  37-3-139 
vibration  of  propellant  in,  41-7-169 
vibration  environment  of,  39-6-133 
vibration  tests  of  scale  models,  38-2-25 

Sawtooth  pulse,  see  Shock  pulse 

Scalar  flowgraphs,  38-1-100 

Scale  models,  see  also  Dynamic  models  and 
Mathematical  models,  and  Models 

correlation  factors  for  natural  frequencies, 
39-3-42 

for  crash  simulation,  39-4-230 
in  crash  tests  of  aircraft  fuselages, 

38- 3-171 

in  crashworthiness  studies  of  vehicles, 

39- 4-227 

data  from  wind  tunnels,  37-7-221 
for  dynamic  analysis  of  structures, 

40- 4-89 

for  dynamic  studies  of  launch  vehicles. 

40-3-205 

properties  of  materials  for,  39-3-40 
for  shock  analysis  of  structures,  40-1-1 
for  stress  in  blast  closures,  40-2-138 
vibration  of  beams,  39-3-39 

Scaling 

for  blast  of  weapons,  39-6-141 

of  damping,  36-4-1 

for  dynamic  models,  39-4-228 

for  shock  tests,  39-5-41 

for  shock  tubes,  39-5-41,  39-5-53 

for  Titan  111  models,  37-3-125 

of  vibration  data,  36-5-85 

Schlieren  photographs 

from  model  tests,  37-3-135 

Scout  launch  vehicle 

prediction  of  flight  vibration,  36-5-85 

Seismic  mass 

isolation  system  for,  41-3-110 
for  variable  resonant  vibration  exciter, 
38-S-3 

Self  synchronization 

of  vibrating  machinery,  41-6-159 

Sensitivity  analysis 

of  shock  isolators,  41-2-51 
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Sensitivity  of  humans  to  vibration,  41-2-13 
Separation  shock,  see  Pyrotechnic  shock 
Shafts 

critical  speeds  of,  38-3-45,  41-6-203 
in  studies  of  bending  vibrations  of 
missiles,  38-2-160 
in  studies  of  torsional  vibrations  of 
missiles,  40-4-163 

torsional  natural  frequencies  of,  40-4-164 
vibration  analysis  of,  39-2-217 
vortex  shedding  of  towed,  39-2-218 

Shakers,  see  Vibration  exciters 

Shear  deformation  effects  on  vibrating  beams, 

38-3-13,  39-3-49 

Shear  modulus 

measurement  of,  36-4-85 

Shells 

acoustic  excitation  of,  40-3-23,  40-3-31 
attenuation  of  noise  in,  39-1-159 
correspondence  theorem  for,  38-3-122 
criterion  for  impact  failure,  39-5-21 
damping  of,  38-3-121,  39-1-155 
dynamic  stability  of,  41-7-81 
eigenvalue  distributions  in,  40-4-209 
eigenvalue  problem  for,  38-2-86 
elasto-plastic  response  to  impulse  loads, 
41-7-81 

equations  of  motion  for,  40-3-75 
finite  element  analysis  of,  41-7-84 
Hamilton’s  principle  in  modal  analysis, 
41-7-152 

Kennedy-Pancu  Method  for  vibration 
studies  of,  39-3-107 
impact  of,  39-5-21 
kinetic  energy  of,  4C-3-134 
mathematical  analysis  of,  38-3-123 
mathematical  model  of,  38-2-79 
mechanical  impedance  of,  39-3-107 
modal  densities  of,  40-3-69 
mode  shapes  of,  38-2-79,  39-1-161, 

39- 3-107,  40-3-31,  40-3-131,  41-7-151 
mode  surveys  of,  39-3-107 

natural  frequencies  of,  38-2-79  ,  39-3-107, 

40- 4-209,  41-7-151 

for  nuclear  fuel  capsules,  39-5-21 
optimized  damping  treatments  for, 

39- 1-163 

radial  motion  of  spherical,  36-5-114 
response  to  underwater  explosions, 

40- 1-15 

shock  spectra  for,  38-2-43 
stress  waves  in,  38-2-38 
stresses  in,  40-3-43 


structural  analysis  of,  38-1-87,  38-2-79, 

39- 3-107,  39-5-21,  40-3-23,  40-3-31, 

40- 3-69,  40-3-131,  40-4-209,  41-7-151 
vibration  of,  39-1-155,  39-3-107,  40-3-31, 

40-3-69,  40-3-131,  40-4-209 
as  vibration  test  fixtures,  38-1-87 

Shillelagh  Missile 

shock  test  facility  for  components, 

37-4-103,  37-4-111 

Shipboard  environment 
simulation  of,  40-2-51 
versus  floating  platform  shock  tests  and, 

37- 1-71 

Shipboard  equipment 

analysis  of  response  to  underwater 
explosions,  39-S-41 

combined  environment  tests  of,  36-6-83, 
40-2-51 

criteria  for  shock  inputs  to,  39-1-80 
damage  of,  37-1-2,  39-1-1,  39-1-96 
DDAM  prediction  versus  response,  36-1-1 
design  for  underwater  explosions,  39-1-65 
dynamic  analysis  of,  36-7-129,  38-2-11, 
39-1-13,  39-1-25,  39-1-33,  39-1-45, 

39- 1-74,  39-1-80,  39-3-117,  39-3-41, 

40- 1R-1,  40-7-165,  40-7-177,  40-7-197 
Dynamic  Design  Analysis  Method  (DDAM) 

for,  39-1-13,  39-1-25 
effect  on  shock  response  of  decks,  40-1-1 
fixed-base  natural  frequencies  for, 

38- 2-209 

foundations  for,  38-3-1,  39-1-39,  40-7-171 
Fourier  spectra  for,  39-S-47 
information  needs  for  dynamic  analysis 
of,  40-7-141 

mathematical  models  of,  39-1-45,  39-1-86, 
40-1R-5 

normal  mode  analysis  erf,  39-1-13, 

39- 1-25,  39-1-55,  39-S-41 
problems  in  application  of  DDAM, 

40- 7-144 

shock  environment,  37-1-1,  40-S-29 
shock  hardress,  39-1-1,  39-1-13,  39-1-25, 
40-7-143 

shock  isolated  vs  hard  mounted.  40-S-40 
shock  isolation  of,  37-1-25,  39-1-83, 
40-7-233,  40-S-29 
shock  response,  40-2-1 
shock  spectra  for,  39-1-15 
shock  tests  of,  37-1-69,  38-2-95, 

38-3-221,  39-1-70,  39-1-84,  40-7-145 
sources  of  shock  data  for,  36-1-2 
stress  analysis  of,  39-1-42 
two-stage  isolators  for,  40-7-233 
velocity  spectra  for,  39-S-48 
vibration  isolation  of,  40-7-233 
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Shipboara  personnel 

shock  isolation  of,  37-4-79 

Shipboard  shock 

effect  on  humans,  41-2-5 
elastic -plastic  analysis  of,  37-1-25 
evolution  of  design  techniques  for,  37-1-23 
on  HMS  OBDURATE,  37-1-1 
information  needs  for  design  requirements, 

40-7-141 

motions  of  decks,  40-1-1 
protection  of  equipment  from,  39-1-100 
response  of  missile  stowage  system  to, 

40-2-8 

shock  isolators  for,  38-3-246 
survey  of  progress  in,  37-1-15 
tests  on  shock  isolators,  40-S-35 
on  21B  weapons  skid,  36-1-23 

Shipboard  vibration 

automated  recorder  for,  40-7-225 
computer  program  for  analysis  of,  36-6-115 
data  analysis  of,  36-6-67 
instrumentation  for,  40-7-243 
response  of  structures  to,  36-6-115 
vibration  exciter  for,  38-S-l 

Shipping  containers,  see  also  Containers 
dynamic  analysis  of,  39-6-57 
for  missiles,  39-6-57 
recorder  to  measure  drop  height,  36-6-173 
shock  during  handling,  37-7-2 
shock  tests  of,  39-6-65 
simulation  of  tipover,  39-6-65 

Ships 

airblast  environment  for,  36-1-16,  39-1-95 
aircraft  carriers 

analog  computer  program  for 
vibration,  40-S-16 

catapult  excited  vibrations  on,  40-S-13 
effects  of  air  blast  on,  37-4-143 
mathematical  model  of,  37-4-144, 
40-S-16 

modal  analysis  for,  37-4-145 
antennas  for,  37-4-151,  40-1-31,  40-1-45, 

40-1-75 

balanced  protection  for,  39-1-97 
calculations  of  natural  frequencies  for, 

38- 1-125 
CVAN  65 

capsize  boundaries  for,  37-1-87 
criteria  for  shock  hardening,  39-1-65, 

39- 1-93 

damping  from  anchor  drop  tests,  40-S-8 
damping  of  foundations  for  machinery, 

39- 1-171 

damping  treatments  for  silencing, 41-2-151 
damping  from  vibration  generator  tests, 

40- S-9 
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capsize  boundaries  of,  37-1-87 
design  of  machinery  for,  39-1-33 
design  of  propulsion  systems,  39-S-55 
DLG-16,  39-1-107 

capsize  boundaries  of,  37-1-87 
dynamic  analysis  of  boilers,  39-1-26 
effects  of  airblast  on,  36-1-13,  37-1-77, 

37- 4-143,  39-1-1 

effect  of  underwater  explosions  on, 
36-1-13,  37-1-1,  39-1-1, 39-1-65 
on  shipboard  humans,  41-2-5 
electronic  equipment  for,  39-3-117 
environmental  data  from,  40-7-225 
foundations  for  machinery,  38-S-19 
HMS  OBDURATE,  37-1-1 
use  of  keel  shock  factor  for,  39-1-8 
predicted  vs  measured  shock  response, 
39-1-21 

rough  handling  during  loading,  37-7-67 
shock  analysis  for,  40-1-1,  40-7-65 
shock  data  for,  36-1-14,  37-1-1 
shock  loads  on,  39-1-3,  39-1-13,  39-1-33, 

39- 1-65,  39-1-93,  40-7-141, 40-7-153, 

40- S-l,  41-1-1 

shock  resistance  of  piping,  40-S-l 
shock  tests  of  boilers,  39-1-30 
specifications  for  shock  inputs,  39-1-13 
underwater  explosions  tests  on,  39-1-67, 

41- 1-1 

USS  ATLANTA,  36-1-3,  36-1-13 
USS  FULLAM,  36-1-3 
velocity  time  histones  at  different  deck 
levels,  39-1-7 

vibration  in,  38-1-125,  39-S-55,  40-S-13 
vibration  analysis  of,  36-6-67,  36-6-115, 

38- S-l,  39-S-55 

vibration  characteristics  from  impulse 
loads.  40-S-7 
vibration  tests  of,  41-S-l 

Shock,  see  also  specific  types  such  as  Ground 
shock  and  Pyrotechnic  shock 

as  criteria  for  severity  acceleration, 
40-2-31 
attenuation  of 

in  glass  structures,  40-5-175 
in  missiles,  39-S-l 
by  yielding  structures,  38  "-255 
in  avionics  during  arrested  laiv.i:  gs, 
40-6-37 

challenging  problems  in,  36-2-1 

complexity  of,  36-2-5 

criteria  for  shipboard  structures,  39-1-39 

damage  to  eggs,  41-3-11 

damage  mechanisms  for,  37-4-71 

design 

of  electronic  equipment,- 37-4-98 
use  ot  tixed-base  natural  frequencies 
in,  38-2-261 
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of  shipboard  equipment,  39-1-13, 

39- 1-25,  39-1-77 

of  shipboard  structures,  39-1-39 
of  ship  boilers,  39-1-25 
in  submarines,  38-3-243 
use  of  vibration  for,  41-4-119 
displacement  amplifier  for,  41-3-149 
in  electronic  equipment,  40-7-85,  40-S-73 
environment 

from  guns,  39-6-139 
isolation  of  gunfire,  39-4-251 
for  nuclear  weapons,  37-4-97,  39-1-93 
equivalence  with  vibration,  41-4-124 
from  5  in./54  Naval  gun,  36-2-53 
during  handling  of  shipping  containers , 

37- 7-2 

human  tolerance  to,  37-4-80,  41-2-5 
inputs  for  shipboard  equipment,  39-1-50 
in  M-151  jeep,  37-7-39 
measurements 

on  ships,  39-1-5 
on  structures,  40-2-3 
in  missiles,  39-S-l 

during  shiploading,  37-7-67 
modal  velocity  as  criteria  for  severity, 

40- 2-31 

in  nonlinear  structures,  41-5-27 
in  non-linear  system,  39-5-1 
parametric  response  to,  40-2-115 
performance  of  gas  bearings  during, 

38- 3-221 

physiological  effects  from,  41-2-5 
prediction  of  transmission,  37-4-65 
protection  of  spacecraft  during  landing, 

41- 2-89 

protection  of  above-ground  structures, 

37-4-213 
response  to 

of  beams,  40-4-3,  41-5-27 
of  bearings,  40-3-275 

of  electronic  equipment  to,  37-4-98 
of  fluid  systems,  40-2-67 
of  fragmenting  tubes,  40-5-128 
of  glass  structures,  40-5-175 
holography  for,  40-7-33 
of  hulls,  40-7-185 
of  missiles  on  tracked  vehicle, 

41-2-166 

of  multi-degree-of -freedom  systems, 

40- 4-17 

of  plates,  39-4-67,  41-5-101 
of  ship  decks,  40-1-1 
of  shipboard  equipment,  40-2-1 
response  spectra 

for  columns,  40-2-115 
for  plates,  41-5-101 
rough  handling,  37-7-16 
on  shipboard  equipment,  37-1-1,  40-S-29 
on  shipboard  machinery,  39-1-34 


in  ships,  39-1-1,  39-1-13,  39-1-33, 

39- 1-65,  39-1-93,  40-7-141,  40-7-153, 

40- S-l, 41-1-1 

problems  in  dissemination  of 
information,  39-1-81 
sources  in  structures,  40-2-22 
spectral  analysis  of,  36-6-2 
in  submarines,  39-1-93,  39-S-41,  41-S-49 
transient  waveform  control  of,  40-2-164 
in  trucks,  39-6-31 

velocity  spectra  as  descriptor  of,  40-2-32 

Shock  analysis,  see  also  Dynamic  analysis, 
Mathematical  analysis,  Modal  analysis, 
Structural  analysis,  and  Vibration  analysis 
of  aircraft  during  ground  impact,  38-3-166 
analog  computers  in,  36-6-37 
computer  programs  for,  36-6-131 
of  cylindrical  shells,  40-1-17 
digital  computers  in,  40-7-153 
of  elastic-plastic  systems,  39-5-2, 

40-4-67 

of  elastomeric  shock  isolators,  39-4-216 
of  electronic  equipment,  39-3-1 17,  40-7-85, 

40-S-31 

energy-flow  method  for,  37-4-65 
finite  element  method  for,  38-2-11 
of  fluid  systems,  40-2-67 
of  force  transmitted  to  armor,  41-5-72 
of  gas  spring,  41-3-181 
of  high-impact  shock  machine,  38-2-95 
of  impact  damping,  39-4-3 
of  impact  limiters,  40-2-185 
of  inverting  tube  for,  41-2-89 
of  machinery  for  ships,  39-1-35 
mathematical  models  for,  36-6-131 
normal  mode  method  for,  38-2-11 
of  open  cell  foams,  40-5-291 
of  pressure  vessels,  40-1R-7 
of  propagation  of  shock  wave,  39-5-14 
of  propagation  of  stress  waves,  38-2-34 
of  rotational  drop  test,  39-4-182 
of  shipboard  equipment,  39-1-33,  39-1-45, 

39- 3-117,  40-1R-1,  40-7-177 
of  ships,  39-1-13,  40-7-165 

of  ship’s  decks,  40-1-1 

shock  spectra  in,  37-4-43 

of  shock  tubes,  39-5-42 

of  sonar  transducers,  41-1-21 

of  structures,  36-6-131,  40-1-1,  40-2-31, 

40- 2-123,  40-5-176,  40-7-185,40-7-197, 

41- 7-89 

of  suspension  systems,  39-6-60,  40-5-218, 

41-2-60 

of  test  facility  for  damping  collar,  40-5-16^ 
time  sharing  computer  program  for, 

40-7-153 

of  tipover  of  shipping  containers,  39-6-68 
of  vacuum  tube  launchers,  40-2-194 
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Shock  analyzer 

design  at,  37-2-65 
digital,  36-6-21 

Shock  barges,  see  Floating  shock  platforms 

Shock  data 

analysis  of,  36-2-55,  40-7-115 
automated  system  for,  36-6-21 
desiderata  for,  36-6-22 
digital,  36-6-21 

fast  Fourier  transforms  in,  41-5-39 
proposed  standard  for,  39-6-7 
comparison  for  full-scale  and  model  blast 
closures,  40-2-143 
interpretation  from  ship  shock  tests, 
40-2-1 

presentation  of,  39-6-7 
for  riverine  craft,  37-1-48 
during  rough  handling,  37-7-2 
sampling  and  digitalization  of,  41-5-^i 
on  ships,  37-1-1 

from  air  blasts,  36-1-16 
from  underwater  explosions,  36- 1-14, 
40-1-11 

on  simulated  ship  structures,  40-2-10 
sources  for  shipboard  equipment,  36-1-2 
on  submarines,  36-1-4 

Shock  design  numbers 

comparison  of,  39-3-117 

Shock  effects 

on  isotopes,  41-3-194 
on  sonar  transducers,  36-2-31 

Shock  hardening 

of  antennas,  37-S-l 
of  hydraulic  systems,  41-5-143 
of  ordnance,  41-5-77 
of  riverine  craft,  37-1-35 
of  shipboard  equipment,  39-1-1,  39-1-13, 
39-1-25,  40-2-147,  40-7-143,  41-5-35 
of  shipboard  structures,  39-1-107 
of  sonar  transducers,  37-1-65 
of  submarines,  39-1-93 
of  weapon  systems,  41-5-135 

Shock  inputs 

for  shipboard  equipment,  39-1-80 

Shock  isolation 

for  aircraft  crashes,  41-3-133 
of  avionics  components,  40-5-285 
of  ballistic  missiles,  36-2-89,  39-4-213 
combined  with  ship  silencing,  38-3-243 
computer-aided  design,  39-4-185 
concepts,  37-4-214 
concrete  for,  39-4-199 
crushable  structures  for,  41-2-95 


design  of  attenuator  strut  for,  38-3-256 
of  equipment  in  mobile  shelters,  39*4*179 
of  ground  support  equipment,  37-4-218 
from  high  frequency  effects,  41-2*53 
for  impact  on  structures,  40-5*115 
with  nonlinear  damping,  41-2-21 
open  cell  foams  for,  40-5-291 
with  polyurethane  foam,  36-2-89 
properties  of  elastomeric  materials, 
39-4-213 

of  recoil  forces  from  guns,  39-4-251 
for  riverine  craft  equipment,  37-1-55 
for  riverine  craft  personnel,  37-1-56 
of  shipboard  equipment,  37-1-25 
of  shipboard  personnel,  37-4-79 
systems 

analysis  of,  40-5-218,  41-2-60, 
41-5-129 

design  of,  41-2-55,  41-2-68,  41-5-155 
for  equipment  in  hardened  sites, 
41-5-155 

for  equipment  platforms,  41-5-129 
fragility  of,  41-5-129 
interactive  optional  design  of, 41-2-47 
modeling  of,  40-5-218,  41-2-58 
for  protective  structures,  39-4-199 
viscoelastic  materials  for,  40-5-175 
yielding  structures  for,  41-2-89 
of  weapons  skid  21 B,  36-1-23 

Shock  isolators,  see  also  Active  vibration 
isolators  and  Vibration  isolators 
annular 

dynamics  of,  39-4-213 
effect  of  air  flow  on  spring  rate  of, 
39-4-226 

mathematical  model  of,  39-4-218 
for  avionics  equipment 

during  arrested  landing,  40-6-37 
polyurethane  foams  as,  40-5-285 
computer-aided  design  of,  41-2-47 
crushable  structures  as,  39-4-199 
damped,  38-3-215 

dynamic  characteristics  at,  41-2-53 
double  acting 

analysis  of,  38-3-214 
performance  of,  38-3-213 
elastic  skid  mounts  as,  39-4-179 
elastomeric,  41-2-57 

analysis  of  airflow  in,  39-4-216 
properties  of,  39-6-58 
for  electronics  equipment,  40-S-31 
energy-absorber  steering  columns  as, 
37-4-79 

for  equipment  in  hardened  sites,  41-5-129 

failure  models  for,  41-5-130 

flow  diagram  for,  41-2-49 

gas  dynamic  effects  in,  39-4-213 

high  performance,  41-2-53 

high  rate  loading  of,  40-5-218 
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data  acquisition  for,  40-5-256 
test  facility  for.  40-5-245 
tests  of,  40-5-223 
indirect  synthesis  of,  39-4-185 
inverting  tube  as,  41-2-89 
linear  versus  nonlinear,  41-2-34 
load  deflection  characteristics  of, 

40-7-235,  40-S-31 

mathematical  models  of,  38-3-213,  41-2-85 
for  missile  stowage  system,  40-2-10 
for  mobile  shelters,  39-4-179 
optimum,  36-5-73,  39-4-185 
open  cell  foams  as,  40-5-291 
performance  of 

conventional,  40-7-234 
of  crushable,  39-4-23. 
polyurethane  foam,  36-2-92 
relaxation  damping  for,  40-5-203 
sensitivity  analysis  of,  41-2-51 
for  shipboard  equipment,  38-3-246, 

39- 1-83,  40-7-233,  40-S-29 
shock  tests  on,  40-5-171,  40-5-246, 

40- 7-235,  40-S-35 

shortcomings  of  conventional,  38-3-213 
soU  as,  37-4-182 
specifications  for,  41-2-54 
stress  waves  in,  40-5-157 
surging  in,  40-5-217 

system  identif  -'tfion  in  design  of,  39-4-188 
transmlssibility  of,  41-5-157 
vacuum  spring  as,  36-7-103 

Shock  loau,  see  also  Impulsive  loads 
on  beams,  41-6-147 
on  blast  closure  valves,  40-2-135 
on  composite  materials,  41-5-69 
design  for  high  intensity,  40-7-85 
dispersal  of,  41-2-77 
measurement  of,  41-3-64 
parametric  response  of  columns  to, 
40-2-115 

in  plates,  41-5-101 

response  of  second-ord*  r  systems  to, 
36-6-37 

on  scale  mocels,  3t -4-261 
ships,  39-1-3 
simulation  of,  40-2-243 
on  structures,  40-2-3,  40-2-57,  40-2-115, 
40-2-243,  41-6-75,  41-6-187,  4K7-89 
for  tests  of  spacecraft,  36-2-97 
vibration  absorbers  for,  39-4-261 

Shock  pulse 

analog  analysis  of,  38-1-19 
compensation  for  haversine,  40-7-126 
editing  of,  36-6-23 
on  electrodynamic  vibration  exciters 
procedures  for  generating,  40-7-96 
synthesis  of  multiple,  39-5-83 
Fourier  spectra  for,  40-2-175 


from  gens,  36-2-85 
half  sine 

crushable  honeycomb  response  to, 
40-4-74 

elastic -plastic  system  response  to, 
40-4-67 

on  electi'odynamic  vibration  exciters, 
36-2-2! 

shock  spectra  for,  36-2-23,  37-2-73 
yielding  structures  response  to, 
40-4-81 

input  for  microphone,  37-2-7 
rectangular 

compensation  for,  40-7-130 
response  of  bilinear  system  to, 
36-6-45 

/response  of  columns  to,  40-2-119 
requirements  for  full-sine,  40-2-178 
response  of  columns  to  longitudinal, 
40-2-115 
sawtooth 

compensation  for,  40-7-130 
on  electrodynamic  vibration  exciters, 
36-2-24,  40-7-94 

response  of  elastic -plastic  system 
to,  39-5-1 

response  of  resonator  to,  40-4-20 
shock  spectra  for,  36-2-22,  37-2-74 
shaping 

by  drop  test  techniques,  41-5-65 
shock  spectra  for  triangular,  37-2-75 
square  wave, 

power  spectrum  for,  39-5-85 
synthesis  of,  39-5-69 
trapezoidal, 

response  to,  36-5-119 
shock  spectra  for,  36-5-124 

Shock  recorders 

design  requirements  for,  36-6-175 
for  rough  handling  of  packages,  36-6-173, 

39- 6-19 

test  shipments  with,  39-6-30 
for  transportation  environments,  36-6-163, 
36-6-173,  39-6-19,  40-3-99 

Shock  response,  see  response 

Shock  spectra 

analysts  of,  37-4-43,  11-3-75 
by  analog  computer,  36-6-43 
analyzers  for,  37-2-66,  41-3-78 
calculation  of 

by  digital  computer,  36-6-131 
using  Duhamel  integral,  36-2-12 
comparison  for  various  pulse  shapes, 

40- 6  134 

of  complex  shock  transients,  36-6-9 
computer  program  for,  36-2-12 
definition  of,  41-3-75,  41-5-18 
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derivation  of,  41-5-19 
in  design  of  equipment,  40-2-215 
for  dynamic  analysis  of  shipboard 
equipment,  39-1-15 
effect 

of  damping  on,  40-2-223 

of  digitizing  detail  on  accuracy, 

36-6-1 

of  separation  of  frequencies  on  dip, 
40-2-225 

of  signal  error  on  analysis,  37-2-38 
of  gunfire  on  helicopters,  41-4-207 
for  half-sine  pulse,  36-2-23,  37-2-73 
instrumentation  for,  36-2-18 
lower  and  upper  bounds  to,  40-2-220 
for  missile  shells,  38-2-43 
as  a  measure  of  damage  potential, 41-5-17 
for  munitions  ejection,  41-5-96 
practical  upper  frequency  limit  of,  37-4-43 
for  pyrotechnic  shock,  41-5-2 
requirements  for  transmitter,  40-7-86 
for  rough  handling  shocks,  37-6-16 
for  sawtooth  pulse,  36-2-22,  37-2-74 
for  shock  isolated  equipment,  41-5-167 
using  sinusoidal  pulse  technique,  38-3-211 
for  slow  sweep  vibration  tests,  38-3-208 
for  spacecraft,  39-5-67 
in  specifications,  39-5-85,  40-2-245 
for  structures,  40-4-17 
for  trapezoidal  shock  pulse,  36-5-124 
for  triangular  pulse,  37-2-75 
for  underwater  explosions,  39-S-41 
for  weapons  skid  21B,  36-1-26 
yielding  effects  on,  36-2-9 
• 

Shock  test  facilities 

air  guns  as,  37-2-32,  37-3-219,  37-4-103, 
37-4-111,  41-3-194 
for  calibration  of  accelerometers, 

40-2-205 

compressed  air  launchers  as,  40-S-21 
detonable  gas  explosions  as,  37-4-199 
electrodynamic  vibration  exciters  as, 
39-5-67,  39-5-83,  40-2-157,  40-2-173 
exploding  wires  as,  37-4-121 
floating  shock  platform  as,  37-1-69, 
37-4-85,  39-1-82,  40-2-1 
gas  guns  as,  41-3-155 
mechanical  amplifiers  as,  40-2-205 
for  missile  containers,  37-4-137 
partial  full  scale  test  machine  as,  39-4-216 
for  prime  movers,  37-4-127 
for  qualification  to  M1L-S-901C,  37-4-85, 

39- 1-71 

for  repeated  shocks,  39-6-15 
Servo-hydraulic  vibration  exciters  as, 

40- 2-243 

shock  tubes  as,  37-4-127,  39-5-41, 
39-5-53,  40-2-133,  40-2-147 
shock  tunnel  as,  37-3-203 


for  simulation  of 

air  blast,  39-1-102  ' 
human  head  impacts,  39-5-89 
underwater  explosions,  37-4-137 
solid-propellant  guns  as,  36-2-83 
for  submarine  hull  penetrations,  39-1-73 
vacuum  tube  launchers  as,  40-2-193 
for  zero  impedance  tests,  39-5-64 

Shock  test  machines,  see  also  High-impact 
shock  machines 

capabilities  of  modified  slingshot,  39-5-76 
drop  test,  37-2-32 

acceleration-time  histories  on, 
41-5-59 

shock  tests  on,  39-5-73,  41-5-59 
■  dual  mode,  37-4-137 
♦  for*c  mulation  of  container  tipover, 

39- 6-65 

Shock  tests 

of  aerial-delivered  material,  41-3-223 
of  attenuator  struts,  38-3-257 
of  beams,  41-6-147 
of  bearings,  40-3-280 
by  directional,  37-2-33 
on  blast  closure  valves,  40-2-133 
of  boilers  for  ships,  39-1-30 
compared  to  normal  mode  structural 
analysis,  39-3-117 

with  compressed  air  launchers,  40-S-21 
control  of  waveforms  by  digital  computers. 

40- 2-157 

for  design  of  equipment,  40-2-215 
on  drop  test  shock  machines,  39-5-73, 

41- 5-59 

versus  Dynamic  Design  Analysis  Method 
(DDAM),  36-1-1 

with  electrodynamic  shakers,  36-2-17, 
36-3-91,  39-5-67,  39-5-83,  40-2-157, 
40-2-173,  40-7-93,  41-3-149 
of  electronic  equipment,  39-3-118, 

39- 5-79,  40-7-85, 41-4-123 

of  equipment  in  protective  structures. 

40- 2-243,  41-5-167 

using  exploding  wires,  37-4-119 
for  failure  loads  on  railroad  cargo, 

40-6-87 

floating  shock  platform  versus  shipboard 
environment,  37-1-71 
fixtures  for,  38-2-95,  39-2-175 
force-controlled,  39-5-63 
on  foundations,  38-3-2 
for  fragility 

of  packaged  equipment,  40-6-127, 
40-6-133 

of  systems,  41-5-121 
of  fragmenting  tubes,  40-5-116 
on  fuzes, 41-3-155 
of  gas-bearing  machinery,  38-3-221 
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with  gas  guns,  41-3-155 
of  glass  spheres,  40-5-178 
on  gas  turbines,  40-2-152 
with  head  impact  simulator,  39-5-96 
of  helical  coils,  41-2-79 
high  acceleration,  40-2-205 
of  humans,  41-2-5 
on  hydraulic  systems,  41-5-145 
of  isolation  systems,  41-2-61 
limitations  on  present  methods,  39-5-63 
mechanical  amplifications  of  stress  waves 
for,  40-2-205 

mechanical  impedance  in,  39-5-63 
on  modified  floating  shock  platform, 

37- 1-69 

with  modified  slingshot  shock  test 
machine,  39  3-73 
of  nuclear  tuel  capsules,  40-2-193 
of  packaged  equipment,  39-6-15 
of  pipit  g,  40-S-l 
pyrotechnic 

with  explosive  charges,  36-2-71 
of  a  re-entry  vehicle,  36-2-71 
with  pyrotechnic  ae vices,  41-5-11 
for  railroad  transportability  of  cargo, 
40-6-86 

on  rocket  engines,  37-2-129 
on  scale  model  vehicles,  39-4-227 
shipboard,  37-1-21,  37-1-69 

interpretation  of  data  from,  40-2-1 
of  a  missile  stowage  system,  40-2-5 
of  shipboard  equipment,  37-1-69,  38-2-95, 

38- 3-221,39-1-70 

panel  discussion  oi  ,  CQ-’-77 
problems  in,  39-1-94,  40-7-145 
of  shipping  containers,  39-6-65 
of  shock  isolators,  39-4-217,  40-5-171, 

40- 5-246 

with  shock  tubes,  39-5-41,  39-5-53 
with  solid-propellant-powered  guns, 

36- 2-83 

on  sonar  transducers,  37-1-63 
on  spacecraft,  39-5-67 
specialized  facilities  for,  37-4-103, 

37- 4-111, 

specifications  for,  36-2-107,  39-5-63, 

39- 5-67,  39-5-85,  40-2-164  ,  40-2-24;;. 

41- 5-77 

vacuum  tube  launchers  for,  40-2-193 
to  verify  mathematical  model  of  foams, 

40- 5-300 

of  weapon  ejection  mechanisms,  41-5-89 
zero  impedance,  39-5-63 

design  of  shock  test  facilities  for, 
39-5-65 

Shock  transients 

Fourier  spectra  of,  36-6-9 
shock  spectra  of,  36-6-9 


Shock  tubes,  see  Shock  test  facilities 

Shock  velocity 

from  scaled  data,  39-5-56 

Shock  waves,  see  also  Blast  waves 

fluid-structure  interaction,  39-1-63 
propagation  of 

in  composite  materials,  41-5-69 
in  elastic  half-space,  39-5-14 
in  elastic  plates,  39-5-13 
kinetic  energy  absorbed  in,  40-7-135 
leasurement  of,  40-7-134 
through  structures,  40-2-21 
in  soils 

pulse  x-rays  for  study  of,  36-6-225 
in  structures,  36-2-66,  39-5-13,  40-2-21 

Sidewinder  Missile  (AIM-9D) 

power  spectral  density  vs  dynamic  pressure, 
37-S-lll 

Signal  error 

eifect  on  shock  spectra  analysis,  37-2-38 
sources  in  transducers,  37-2-29 

Silencing,  see  Submarines 

Silicones 

characteristics  of,  38-3-177 
damping  properties  of,  38-3-64 

Silos,  see  also  Hardened  sites 

fragility  of  equipment  in,  41-5-161 
hydraulic  systems  for,  41-5-143 
shock  isolators  for  equipment  in, 

41-5-129,  41-5-155 
shock  tests  of  equipment  in,  41-5-167 

Simulation,  see  effect  environment  simulated 

Simultude 

i-'.  shock  tubes,  -**0- ti- 57 

Sins.le-degree  of-freedom  systems 
dynamic  analogies  for,  37-2-58 
dynamic  analysis  of,  40-4-67,  41-S-45 
response  of 

to  random  vibration,  39-3-73 
to  sawtooth  shock  pulses,  39-5-1 
to  trapezoidal  shock  pulses,  36-5-119 
shock  in  non-linear,  39-5-1 
transfer  functions  for,  39-3-75 

Sinusoidal  pulse 

shock  spectra  using,  38-3-211 
for  vibration  tests,  38-3-207 

Sinusdidal  vibration 

calibration  for,  37-2-23 
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damping  in  plate*  during,  41-2-106 
error  as  a  function  of  amplitude,  37-2-88 
fatigue  damage  from,  36-4-76,  36-5-17 
fragility  of  resolver  for,  41-5-114 
isolation  of,  38-3-285 
kinetic  energy  of,  40-3-139 
resonant  response  to  swept -notched, 
41-4-130 
response  to 

of  damped  cylindrical  shells,  38-3-132 
of  humans,  41-2-13 
of  spacecraft,  41-4-127 
response  spectra  for  swept,  38-1-133 
to  simulate  engine  cutoff,  37-4-60 
to  simulate  spacecraft  flight  loads, 
39-2-147 

and  strain  response,  36-5-81 
transmission  through  structures,  38-2-231 

Skids 

design  criteria  for,  39-4-180 
load-deflection  characteristics  of, 
39-4-180 

Sky  Lab 

dynamic  environment,  41-7-195 
Slosh 

modes,  41-7-181 

in  propellant  tanks,  41-7-169, 
41-7-185 

in  rigid  tanks,  41-7-164 
of  propellant 

equivalent  mathematical  model  of, 
41-7-169 

predicted  vs  experimental,  41-7-176 
scaling  laws  in  equivalent  models  for, 
41-7-170 

Snap  buckling 

of  structures,  41-6-89 

Snap  10A 

criteria  for  structural  design  of,  36-7-74 
flight  vibration  data  for,  36-7-75 

Soil 

analysis  of  ground  shock  in,  38 -2- las 
as  isolator  of  stress  waves,  37-4-182 
pulse  x-rays  for  study,  36-6-225 

Solar  panels 

finite  element  models  of,  38-  2 - 149 
normal  modes  analysis  for,  <0-3-49 
qualification  tests  of,  39-2-127 
response  to  acousiic  excitation,  40-3-49 

Sonar  S-  ,,em  AN  BQS-6B,  39-3-117 

Sonar  transducers 

mathematical  models  of.  36-2-33 
shock  in,  36-2  1,37-1-67 


Sonic  fatigue,  see  Acoustic  fatigue 

Sound  generators,  see  Acoustic  test  facilities 

Sound  pressure  levels,  see  also  Boundary 
layer  noise 

contours  for  VTOL  Aircraft,  41-4-165 
point-to-point  correlation  of,  39-2-87 

Spacecraft,  see  also  specific  spacecraft  such 
as  Apollo  spacecraft,  Mariner  spacecraft, 
and  Lunar  Orbiter  spacecraft 

acoustic  environment  for,  40-3-52 
acoustic  excitation  of  solar  panels,  40-3-49 
acoustic  test  facility  for,  37-5-25 
acoustic  tests  of,  37-5-1,  40-4-105, 
41-3-207 

components,  36-3-39 
application  of  mechanical  impedance  to, 
38-2-239,  38-2-249,  40-3-86 
attenuation  of  impact  for,  40-2-183 
combined  environment  tests  on,  37-3-188 
criteria  for  vibration  of,  37-7-202 
design  criteria  for,  40-3-96 
dynamic  environments  of,  40-3-12,  41-4-3 
flight  data  versus  acoustic  tests,  36-3-44 
flight  vibration  of,  37-7-173,  40-3-9 
interaction  with  launch  vehicles,  38-2-239 
launch  induced  failures,  40-3-9 
launch  phase  simulator  for,  37-5-175 
mathematical  model  of,  36-3-16 
modal  analysis  of,  41-3-26 
noise  reduction  in,  40-4-103 
notched  random  test  spectra  for,  36-3-15 
parametric  analysis  of,  39-2-149 
prediction  of  dynamic  environments  for, 
40-3-79 

protection  during  landing  shock,  41-2-89 
reliability  of,  40-3-11 
analysis  of,  40-3-11 
effect  of  qualification  tests  on,  36-7-1 
model  for,  36-7-4 
response  of 

to  sinusoidal  vibration,  41-4-127 
from  subsystem  characteristics, 
38-2-239 

safety  factors  for,  40-3-89 
shock  loads  in,  36-2-97 
shock  spectra  for,  39-5-67 
shock  tests  on,  39-5-67 
structural  analysis  of,  36-3-16 
structural  qualification,  39-2-147 
synthesis  of  analytical  model  of,  39-2-153 
transient  loads  in,  36-2-97 
transportation  environment  for,  37-7-19 
vibration  analysis  of,  41-4-128 

using  the  statistical  energy  method, 
36-5-41 

vibration  tests  of,  40-3-9 
fixtures  for,  40-3-231 


50 


force-control!'  1,  36-3-15 
to  simulate  flight  loads,  39-2*147 

Spaced -damping 

application  of,  38-3-34 
of  atmctnres,  38-3-31 

Spalling 

cf  structures,  40-4-127 

Specifications,  see  also  Standards 
analysis  of,  38-2-52,  39-6-151 
of  combined  environmental  tests,  37-5-176 
for  microminiature  amplifiers,  36-6-221 
MIL-E-5400,  40-6-37 
MIL-S-901C,  37-1-69,  38-2-95,  41-5-77 
MIL-STD-810B 

for  shock  tests,  40-2-173 
for  vibration  tests,  40-3-151 
MIL-T-5422,  40-6-37 
safety  factors  for  spacecraft  structures, 

40- 3-89 

for  shock  hardening  of  ordnance,  41-5-30 
of  shock  inputs  to  ships,  39-1-13 
for  shock  isolators,  41-2-54 
of  shock  tests,  36-2-107,  39-5-63,  40-2-45 
using  shock  spectra,  39-5-85 
shock  and  vibration 

review  of  panel  discussions  on, 
39-6-151 

versus  standards,  39-6-151 

for  vibration  tests,  41-4-30.  41-4-69 

41- 4-109 

force  and  motion  in,  38-1-109 
shortcomings  of,  37-3-1 
for  zero  impedance  shock  tests,  39-5-66 

Spectral  analysis 

of  gunfire,  41-4-135 

for  input  control  of  vibration  tests,  37-3-53 
of  shock,  36-6-2 

Spectral  analyzer 
optical,  36-6-98 
for  shock,  37-2-65 

Spheres 

air  blast  loads  on,  39-5-29 
shock  tests  on  glass,  40-5-178 
structural  analysis  of,  39-5-29 
vibration  analysis  of,  36-5-107 

Spring  mass  systems 

effect  of  looseness  on  performance, 

41-6-39 

Sprint  Missile 

shock  data  for,  39-S-3 
vibration  data  for,  39-S-7 


Stability 

of  active  vibration  isolation  systems, 

39-  4-165 

Standard  Antiradiation  Missile  (ARM) 

captive  flight  environment  for,  40-5-68 
spectral  analysis  of  bending  moment  for, 

40- 6-81 

Standards,  see  also  specifications 

for  calibration  of  accelerometers,  41-3-1 
for  evaluation  cf  fragility,  41-5-11 1 

Static  analysis 

of  anisotropic  material,  39-3-201 
Static  firing  tests 

for  launch  vehicles,  37-3-99,  39-6-133, 
40-4-109 

isolation  system  for,  37-3-99 

Statistical  analysis 

of  multi-degree  of  freedom  systems, 
40-4-17 

Statistical  energy  analysis 

coupling  factors  in,  38-S-il 
fundamentals  of,  38-6-3,  41-6-10 
loss  factors  in,  oo-S-ll 
of  multipanel  structures,  37-2-99 
for  vibration  analysis  of  spacecraft, 
36-5-41 

for  prediction  of  dynamic  environments, 
38-S-5,  41-6-9 

Statistical  shock  analysis 

of  missile  on  transporter,  41-2-167 

Stiffness  matrix 

for  beams,  38-1-11,40-4-187 

for  columns,  40-4-187 

computation  of,  39-3-130 

joiner  matrix  for,  40-1R-4 

for  landing  gear,  39-3-190 

for  launch  vehicles,  38-3-108 

for  mechanical  shock  model,  36-2-47 

for  piping  system,  40-4-149 

for  plane  stress,  41-7-124 

for  plates.  41-7-126 

reduced,  40-4-2 

in  structural  analysis,  37-2-175, 
40-7-177 

for  triangular  elements,  41-7-123 
STOL  aircraft 

vibration  environment  of,  40-6-91 

Stowage  system 

shock  tests  of,  40-2-5 
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Strain 

in  beams,  36-5-77 
in  panels,  38-1-2,  39-4-108 

Strain  gage 

as  bending  moment  transducer,  36-6-199 
as  fatigue  gage,  39-2-35 
microminiature  amplifier  for,  36-6-218 

Stranded  wire  spring,  41-2-56 

Stress 

in  aircraft  structures,  39-3-87 
in  beams,  39-4-120,  40-4-1 
Clarkson’s  method  for  prediction  of, 

39-3-88 

combination  of  modal,  40-4-3 
correlation  with  velocity,  40-2-38 
determination  from  random  vibration 
data,  40-3-1 

distribution  from  vibration,  36-7-6 
measured  versus  predicted,  39-3-90 
in  plates, '39-4-73 

in  scale  model  blast  closures,  40-2-138 
in  shells,  40-3-43 
of  antennas,  40-1-76 
of  electronics  equipment,  39-3-118 
of  glass  structures,  40-5-183 
of  plates,  40-7-204 
of  shipboard  equipment,  39-1-42 
of  stratified  medium,  41-6-187 

Stress  concentration  under  ring  accelerometers, 

37-2-43 

Stress-strength  concept 

in  structural  reliability,  36-7-2 

Stress -time  history 
for  cones,  40-4-131 

Stress  waves 

attenuation  of,  40-5-157 
mechanical  amplifications  of  40-2-205 
in  piping,  40-5-157 
propagation  of 

through  anisotropic  materials, 

39-3-201 

analysis  of,  38-2-34 
cylinders,  40-4-127 
m  frustums,  40-4-127 
mathematical  analysis  ol,,  40-4-128 
method  of  characteristics  for, 

41-6-183 
m  shells,  38-2-38 
in  shock  isolators,  40-5-157 
use  of  soil  as  isolator,  37-4-182 
m  solids,  41  -G- 139 
in  structures,,  38-2-33,  4i-6-187 


Strouhal  number 

definition  of,  40-3-303 
for  vortex  shedding  about  cylinders, 
41-6-31 

Structural  analysis,  see  also  Dynamic  analysis, 
Mathematical  analysis,  Modal  analysis, 

Shock  analysis,  and  Vibration  analysis 
of  air  blast  resistance  structures, 

37- 4-180 

of  antennas,  37-4-159,  40-1-45,  40-1-76, 
41-6-103 

of  Apollo  Lunar  Surface  Experiment 
Package  (ALSEP),  38-2-50 
automated,  39-3-31 
of  beams,  36-4-50,  37-4-50,  38-1-67, 
39-3-1,  40-4-1,  40-4-81, 40-5-277, 
41-6-47,  41-6-123,  41-6-133,  41-6-1  i, 
41-7-51 

of  bridges,  4i-4-99 

of  columns,  39-3-247,  40-2-115,  41-6-1 
consistent  mass  matrices  for,  40-4-1 
digital  computers  in,  38-2-139,  40-4-163 
digital  computer  programs  for,  36-7-45, 

38- 2-139,  40-2-105,  40-2-238 
using  dynamic  substructures,  38-2-14 
of  fixtures,  38-2-95,  39-2-158 

if  frames,  38-2-219 
of  grillages 

by  folded  plate  method,  40-7-216 
by  orthotropic  plate  method,  40-7-208 
Rayleigh’s  Principle  in,  40-7-210 
of  guideways,  41-6-47 
of  hardened  sites,  38-2-187 
of  helicopters,  40-2-238 
line  solution  method  for,  38-2-157 
lumped  parameter  method  in,  38-2-d7, 

39- 3-153 

mechamca.  impedance  in,  38-2-219 
of  missiles,  38-2-173 
ol  panels.  29-3-1,  40-4-139 
ol  piping  system,  40-4-147 
of  plates,.  3G-5-46,  38-1-45,  39-3-205, 

39- 3-233.  39-4-73, 39-4-81, 39-4-93, 

40- 3-99, 4C-3-1 19, 41-5-101,  41-7-29 
ol  radio  telescope,  40-4-155 

of  recoil  adapters,  39-4-251 

ol  re -entry  vehicles,  39-1-223 

of  shells,  36-5-109.  37-4-178,  38-1-87, 

39- 3-107.  39-5-21,40-3-23,40-3-31, 

40- 3-G9,  40-3-131 , 40-4-209 
ol  spheres,  39-5-29 

ol  submarine  hulls,  36-6-115 
ol  trusses,,  38-2-  1 ,:  39-3-157,  41-6-197 

Structural  Analysis  Matrix  Interpretive 
Sistem  (SAMIS'  computer  program,  38-2-139 


Structural  damping,  see  Damping 


Structural  damage,  see  Damage  of  structures 

Structural  design 
loads  for 

analytical  versus  experimental, 

36- 7-56 

of  machinery  foundations,  36-4-88 
mini-max  response  problems  in,  36-5-69 
viscoelastic  materials  in,  36-4-9,  33-3-37 

Structural  dynamics 

of  Apollo  Lunar  Surface  Experimental 
Package  (ALSEP),  38-2-47 
philosophy  of  tests,  41-4-1 

Structural  equivalence 

using  mechanical  impedance,  36-2-63 

Structural  fatigue,  see  Fatigue  of  structures 

Structural  members 

criteria  for  failures  of,  38-2-183 
dynamic  response  of,  38-2-157 
reduction  of  vibration  in,  38-3-71 
vibration  analysis  of,  38-2-219 

Structural  models 

of  re  entry  vehicles,  37-4-67 

synthesized,  38-2-201 

for  vibration  tests,  38-2-26 

Structural  relationships 

in  dynamic  analysis,  38-2-2 

Structural  reliability 
analysis  of,  36-7-29 
Bayesian  statistics  in,  36-7-31 
difficulties  in  determining,  36-7-27 
panel  discussion  on,  36-7-27 
of  spacecraft,  36-7-1 
stress -strength  concept  in,  36-7-2 
vibration  qualification  tests  for,  3G-7-1 

Structural  synthesis 

fundamentals  of,  39-3-32 

Structures,  see  also  specific  types  such  as 
Aircraft  structures,  Bridges,  Hardened  sites, 
Protective  structures,  and  Shipboard 
structures 

above-ground 

shock  protection  techniques  m 

37- 4-213 

acoustic  excitation  of,  37-5-167  43, 

39-3-55,  39-3-65,  4G-3-5Y,  4. 

41-7-195 

acoustic  fatigue  of,  40-5-49 
aerospace 

design  of,  41-6-179 


air  blast  loads  on,  37-4-169,  37-4-185, 

38- 2-177,  39-1-109,  37-4-193, 39-3-65, 

39- 5-29,  40-1-31,  40-1-45, 40-2-101, 

41-1-35 

air  blast  propagation  into,  37-4-185 
Structures 

air  blast  resistant,  37-4-180 
air  blast  shock  tests  on,  39-5-41 
aircraft 

acoustic  tests  of,  37-S-43 
fatigue  resistance  of,  40-5-49 
prediction  of  stress  in,  39-3-88 
aircraft  carriers 

cardboard  models  in  studies  of, 

40-S-14 
antennas 

air  blast  loads  in,  40-2-101 
design  of  foundation  for,  40-2-103 
design  of  masts.  40-2-104 
impact  damping  of,  39-4-1 
attenuation  of  impact  on,  40-5-115 
beam-plate,  37-4-67 
blade -like 

damping  of,  39-4-19 
response  spectra  for,  39-4-26 
vibration  of,  39-4-19 
class  of  loadings  for,  37-4-170 
combined  environmental  tests  of,  40-3-211 
computer  graphic  techniques  for,  40-4-41 
cylindrical,  41-7-93 
damage  from  air  blast,  40-1-36 
damping  of,  36-4-49,  36-4-75.  38-3-29, 

38- 3-121,  38-3-133,  39-1-167,  39-4-1, 

39- 4-19,  39-4  31,39-4-53,40-5-2, 

40- 5-49,  40-5-61.  40-5-147,  40-5-261, 

41- 1-13,  41-2-105, 41-2-121 
deck,  40-7-218 

deckhouse 

air  blast  environment  for,  39-1-109 
design  criteria  tor,  39-1-111 
degradation  in,  39-2-35 
differential  di  .placement  across,  40-2-1 
digital  computers  in  analysis  of,  37-4-171, 

37-4-193,  40-1-61,  40-4-41 
dynamic  analysis  of,  36-5-41,  36-7-130, 

37-2-173,  38-2-1 ,  38-2-11,  38-2-57, 

39- 1-107,  39-3-129,  40-1-66, 40-2-57, 

40- 2-123,  40-2-227, 40-3-99, 40-3-257. 

40-4-1.  40-4-31, 40-4-41,  40-4-47, 

40- 5-183,  40-7-153,  40-7-197,  41-5-27, 

41- 3-75,  41-6-197,  41-7-9,  41-7-19, 

41-7-81,  41-7-89, 41-7-123, 41-7-131 

computer  programs  for,  36-6-105, 
40-4-64,40-7-178 
scale  models  for,  40-4-89 
stiffness  matrix  in,  40-7-177 
dynamic  characteristics  of,  40-7-51 
dynamic  response  of,  38-2-157 


.53 


m 


to  air  blast,  41-1-35 
calculations  of,  38-2-3 
to  transient  loads,  41-7-19 
dynamic  stability  of,  40-2-57 
effect  of  accelerometers  on,  41-3-6 
effect  of  phase  shift  on  response,  41-5-22 
equivalent  static  loads  for,  41-6-197 
externally  redundant,  36-6-105 
failure  of 

due  to  acoustic  excitation,  39-3-65 
from  combined  environments,  39-3-67 
fatigue  of,  39-3-87,  40-5-49,  40-5-161 
fin,  37-5-167 

finite  element  analysis  of,  41-7-123, 
41-7-132 

fixed-base  natural  frequencies  of,  38-2-209, 

38- 2-263 

flutter  of,  39-3-171,  40-5-235,  41-7-109 

fragility  of,  41-5-129 

frame 

air  blasi  on,  38-2-177 
effect  of  liquid  propellant  explosions 
on,  38-2-179 

mathematical  analysis  of,  38-2-183, 
40-7-172 

mathematical  models  of,  38-2-181 
free-free,  40-4-31 
future  requirements  for,  41-2-1 
galloping  of,  39-3-171 
glass 

analysis  of  stress  in,  40-5-183 
attenuation  of  shock  in,  40-5-175 
for  helicopters,  40-1-161,  40-2-227, 
41-7-131 

gunfire  vibration  of,  41-4-195 
highway  guard-rail 

energy  absorption  of,  40-5-115 
honeycomb 

pyrotechnic  shock  loads  in,  37-4-15 
response  to  half  sine  pulse,  40-4-74 
ideal  size  of,  36-7-32 
identification  of  complex,  38-2-23 
impact  damped,  39-4-1 
inertial  renrence  unit,  40-3-260 
interaction  of  control  system  wit.i, 

40-3-205 

interaction  of  noise  with,  36-5-48 
linear  elastic,  36-6-131 
load  restraint  for,  40-3-221 
mathematical  analysis  of,  38-3-121, 

39- 3-55,  39-3-172,  40-3-257 
mathematical  models  of,  36-6-131, 

39- 3-57,  41-7-19 

mechanical  impedance  of,  38-2-285, 

38-3-35,  39-3-143,  39-1-123, 40-3-236, 

40- 7-51 
missile 

response  to  high  impact,  37-1-115 
modal  analysis  of,  39-3-55,  39-3-99 
flow  charts  for,  41-7-12 


from  test  data,  41-7-9 
modal  characteristics  of,  39-4-33 
modal  effective  mass  of,  39-3-143 
modal  enrichment  of,  40-3-236 
modal  synthesis  of,  40-4-25 
mode  shapes  of,  40-4-25,  40-7-207, 

41-7-9 

multipanel,  37-2-99 

multi-span,  36-4-49,  38-3-139 

natural  frequencies  of,  38-2-209,  38-2-261, 

40- 4-25,  40-7-207,  41-6-75,  41-6-103, 

41- 7-9,  41-7-21 

near  resonant  vibration  tests,  38-2-23 
normal  modes  of,  39-3-99,  40-3-49, 

40- 7-165,  41-6-103 
optimization  of,  39-1-63 
parametric  excitation  of,  40-2-57 
prediction  of  response 

to  blast  of  weapons,  40-2-234 
scale  models  for,  40-4-89 
pyrotechnic  shock  in,  40-2-21,  41-5-4, 

41- 5-9 

radio  telescope,  40-4-158 
reduction  of  vibration  in,  38-3-57 

Structures 

reliability  of  warhead,  39-1-177 
response 

to  acoustic  excitation,  39-3-55, 
40-3-57 

to  air  blast,  37-4-169,  40-1-31, 
40-2-101 

to  blast  from  weapons,  40-1-61, 
40-2-227,  41-1-195 
to  blast  waves,  40-2-229,  41-5-17 
to  combined  environments,  39-3-65 
to  dynamic  excitation,  38-3-71 
to  moving  loads.  40-3-99,  40-4-47 
to  transient  loads,  41-7-22 
to  underwater  explosions,  40-1-15, 
40-7-197,  41-7-89 
upper  and  lower  bounds,  37-4-173 
rigid  plastic,  37-4-75 
Ritz  averaging  method  for,  40-5-262 
with  rotating  elements,  40-4-41 
safety  factors  for,  40-3-93 
scale  model 

dynamic  similarity  criteria  for, 

39-3-40 

vibration  tests  of,  40-4-89 
shell 

air  blast  loads  on,  37-4-177 
failure  of,  37-4-180 
modal  survey  of,  38-1-89 
shock  in,  39-5-  29,  40-2-1 ,  41-6-75 
shock  analysis  of,  36-6-131,  40-2-31, 

40-7-185’,  41-7-89 
shock  loads  on,  41-8-187 
shock  measurement  on,  40-2-3 
shock  response  of,  40-2-10 
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shock  wave  propagation  in,  36-2-66, 

40- 2-21 

shock  spectra  for,  40-4-17 
shipboard 

dynamic  analysis  of,  40-7-197 
failure  criteria  for,  39-1-107 
shock  criteria  for,  39-1-39 
shock  hardness  of,  39-1-107 
simulation  of  capsize  of,  37-4-193 
on  single  non-rigid  supports,  38-2-261 
skin-stringer 

analysis  of  energy  in,  39-4-35 
normal  mode  analysis  of,  39-4-31 
slosh  modes  of,  41-7-181 
snap  buckling  of,  41-6-89 
spacecraft 

safety  factors  for,  40-3-91 
test  program  for,  39-2-147 
spheres 

dynamic  analysis  of,  41-7-91 
sources  of  shock  in,  40-2-22 
static  vs  dynamic  loads  in,  41-6-197 
statistical  energy  analysis  of,  37-2-99 
stiffened  plate,  41-2-105 
stress  analysis  of,  41-6-191 
stress  wave  propagation  in.  ’8  2-03, 

41- 6-187 
submerged 

pressure  loads  on,  40-7-199 
shock  analysis  of,  40-7-197 
shock  loads  in,  41-7-89 
system  identification  of,  38-2-23 
torsional  and  translational  vibration  of, 

39- 3-171 

transmission  of  loads  through,  37-4-65, 

38- 2-231 
underground 

shock  isolation  systems  for,  39-4-199 
vehicle 

energy  absorption  in,  39-4-227 
vibra-acoustic  transfer  function  for, 

40- 3-63 

vibration  of,  38-1-99,  39-4-19,  40-4-41, 

40- 7-207,  41-6-1,  41-6-47, 41-6-103, 

41- 7-19,  41-7-131 ,  1  ly- 7-195 
vibration  analysis  of,  36-5-41,  39-3-55, 

40-4-25,  40-5-277,  41-6-197 
vibration  tests  of,  38-1-115,  39-4-41, 

40-4-89,  41-7-95 

fixtures  for,  39-2-157,  40-3-221 
with  viscoelastic  materials,  3S-4-117 
yielding,  36-2-10,  40-4-81 

Submarines 

damage  from  underwater  explosions, 

39- 1-99 

foundations  for  machinery  in,  39-1-123 
hulls 

Fourier  spectra  for,  39-S-44 
structural  analysis,  36-G-115 


isolated  modules  for,  38-3-243 
replenishment  of  Polaris  missiles  for, 

36- 7-145 

shock  in,  36-1-4,  39-1-93,  39-S-41, 
41-S-49 

shock  hardness  of,  38-3-243,  39-1-93 
shock  test  facilities  for,  39-1-73 
silencing,  38-3-243 
USS  George  Washington,  36-6-115 
velocity  spectra  for  bulicheads  of,  39-S-44 

Subsystems 

dynamic  analysis  of,  38-2-67 
modal  coupling  of,  39-3-99 

Surging 

in  hydraulic  systems,  41-5-143 
in  shock  isolators,  40-5-217 

Suspension  systems,  see  Isolation  systems 

SUU  36  munitions  dispenser 
captive  flight  of,  40-6-9 

SUU-38  munitions  dispenser 
shock  tests  of,  41-5-93 

SV-5D  re-entry  vehicle,  36-3-83,  36-3-113 

Sweep  rate 

effect  on  resonant  systems,  41-4-95 
Symmetry 

in  structural  analysis,  38-2-6 
Synthesis 

in  designing  isolators,  39-4-186 

System  identification 

in  design  of  shock  isolators,  39-4-188 
moment  technique  for,  38-2-119 
of  structures,  38-2-23 
theory  of,  33-2-24,  38-2-121 
vibration  tests  for,  38-2-27,  38-2-120 
identification  of 

for  digitally  simulated  models, 
38-2-119 

from  random  vibration  input, 38-2-122 
from  sinusoidal  vibration  input, 
38-2-126 

Systems,  see  also  specific  systems  such  as 
Multi-degree-of-freedom  systems  and 
isolation  systems 

for  analysis  of  vibration  data,  36-6-47, 

37- 2-109 

for  dynamic  phase  plotting,  37-2-77 
elastic -plastic,  37-4-73 
equipment -foundation,  38-2-210 


55 


for  generating  and  measuring  combined 
environments,  40-3-297 
lumped  parameter,  39-3-153 
modal  coupling  of,  39-3-100 
nonconservative,  41-7-141 

T 

TALOS  missile 

flight  vibration  of,  41-4-189 

Tanks 

gun  recoil  on,  41-3-187 

TAT/Agena-D  launch  vehicle 

noise  measurements  on,  36-7-89 

Temperature 

effect 

on  damping,  38-3-156,  41-2-125, 
41-2-145 

on  high  polymer  viscoelastic  materials, 

38-3-175 

ignition  shock  versus,  37-2-168 

Test  criteria- 

development  of,  39-2-196 

Test  facilities,  see  also  Acoustic  test  facilities, 
and  Shock  test  facilities 
air  drop,  41-3-223 

for  aircraft  seat  crashworthiness, 41-3-133 
for  combined  environmental  tests, 

37-3-175,  40-2-51,  40-3-293 
for  cross-country  tests  of  vehicles, 
41-3-215 

design  of,  40-2-52,  40-5-245,  41-3-119 
displacement  amplifier  as,  41-3-149 
clectrohydraulic  vibration  exciters  as, 
41-3-109 

for  elements  of  shock  isolators,  40-5-245 

for  explosive  weapons,  40-3-201 

for  fuzes,  41-3-155 

for  gas  bearings,  38-3-222 

for  high  rate  loads  on  shock  isolators, 

40- 5-245 

for  impact  tests  of  isotope  fuels,  41-3-195 
for  large  displacements,  41-3-149 
for  launch  environments  of  missiles,  40-6-1 
for  launch  environments  of  spacecraft, 

39- 2-23,  40-3-183 

Launi  'hase  Simulator,  40-3-183 
for  la  i  .diing  and  recovering  projectiles, 

41- 3- '75 

for  low  pressure  acoustic  environments, 
41-3-207 

for  noise  reduction  studies  in  spacecraft, 

40- 4-105 

for  recoil  simulation,  41-3-187 
resonant  beam,  39-2-72 


transonic  wind  tunnel  as,  37-3-123 

for  tri-axial  vibration,  41-3-121 

for  wheel/rail  dynamic  studies,  41-3-127 

Test  fixtures,  see  also  fixture 

for  combined  acceleration  and  vibration 
tests,  40-3-293 
design  criteria  for,  39-2-177 

Test  programs 

for  missile  environments,  37-2-117, 
39-2-195 

for  verifying  integrity  of  spacecraft 
structures,  39-2-147 

Test  specimens 

equivalence  of,  36-2-63 
protection  of,  39-2-11 

Test  system 

definition  of,  37-3-77 

Test  techniques 

for  simulation  of  earthquakes,  41-3-116 

Tests,  see  also  specific  types  such  as  Acoustic 
tests,  Dynamic  tests,  Environmental  tests, 
Shock  tests,  Vibration  tests 

combined  environment  for  shipboard 
equipment,  40-2-51 
cross-country,  41-2-163 
of  gun  recoil  on  tanks,  41-3-187 
handling  of  Polaris  missiles,  36-7-147 
laboratory  vs  field,  39-2-35 
of  machinery  foundations,  36-4-88 
in  shock  tubes,  39-5-58 
simultaneous  linear  and  angular 
accelerations,  41-3-155 

Thunderpipe  tests,  36-5-2 

Time-sharing  computers 

calibration  of  vibration  exciters  using, 
36-6-183 

Timoshenko  beams 

frequency  parameters  for,  39-3-50 

Tipoff 

mathematical  analysis  of.  41-6-224 
Tipover 

of  shipping  containers,  39-6-65 

Titan  launch  vehicle 
scale  models  of 

aerodynamic  noise  test  on.  37  203 

wind  tunnel  acoustic  data  on,. 

37-7-221 

wind  tunnel  tests  of,  37-3-121 
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wind-induced  vibration  tests  of,  36-7-81 
TNT 

for  simulation  of  propellant  explosions , 

38-2-179 

Torpedoes 

underwater  explosion  tests  on,  40-1-9 

Torsional  natural  frequencies 

upper  and  lower  bounds  for  shafts,40-4-164 

Torsional  shock 

design  of  spacecraft  for,  36-7-63 
prediction  of  response  to,  36-7-67 

Torsional  vibration 

coupled  bending  and,  36-6-121 
of  missiles,  40-4-163 
response  spectra  for,  36-7-65 
of  shells,  36-5-115 

Total  impulse 

upper  and  lower  bounds  from  air  blast, 
37-4-173 

TOW  missile 

effect  on  UH-1B  helicopter,  40-1-64 
transportation  environment  for,  37-7-39 

Towers 

response  to  ground  shock,  41-6-75 
TDYNE  computer  program  for, 

41-6-82 

Tracked  air  cushion  vehicles 

response  of  guideway  structures  to, 

40-4-47 

Tracked  vehicles 

cross-country  tests  of,  41-2-163 
simulated  road  tests  of,  41-3-124 
vibration  isolation  for,  41-2-159 

Tracking  filter 

for  averaging,  36-3-142 

Transducers,  see  also  Accelerometers  and 
Force  transducers 
calibration 

accelerometers,  41-3-1 
by  comparison,  36-6-193 
laser  for,  37-2-1 

compensation  for  distortion,  40-7-123 
curve  fitting  technique  for,  40-7-124 
conceptual  models  of,  41-3-91 
energy  processing  within,  41-3-92 
errors  in,  37-2-29 
factors  influencing  response,  40-7-2 
influence  of  environment  on,  40-7-3 


for  measurement  of 

bending  moment,  36-6-199 
egg  damage,  41-3-11 
force,  36-6-203 
ground  shock,  40-7-136 
of  shock,  37-2-29 
vibration,  40-7-244 

microminiature  amplifiers  for,  36-6-215 
response  to  environment,  40-7-1 
seismic,  40-7-123 
sonar 

finite  element  analysis  of,  41-1-21 
mathematical  models  for,  36-2-33, 
36-2-39 

optimization  of  design,  36-2-41 
response  to  shock,  36-2-31,  37-1-67 
shock  hardening  of,  37-1-65 
shock  tests  on,  37-1-63 
vibration  requirements  for,  37-2-51 

Transfer  functions 

for  active  vibration  isolation  systems, 

39- 4-170 

development  of,  38-2-115 

Fourier  transform  for,  38-1-18 

for  linear  systems,  39-3-74 

for  lumped  parameter  systems,  38-2-109 

fcr  microphones,  37-2-9 

for  nonlinear  vibration  isolation  systems, 

40- 5-27 

for  prediction  of  flight  vibration,  36-5-85 
for  single -degree -of -freedom  systems. 

39- 3-75 

for  two-degree-of-freedom  systems, 

40- 2-216 

vibra-acoustic,  40-3-63 

Transfi  r  impedance,  sec  Mechanical  impedance 
Transfer  matrix  method.  38-2-157 
Transforms,  see  Fourier  transforms 
Transient  data 

to  improve  mathematical  models,  36-5-1 

Transient  loads,  see  Shock  loads 

Transient  response,  see  Response 
Transient  tests 

for  fragility  of  systems,  41-5-121 
Transients 

simulation  with  vibration  tests.,  38-3-207 
Transmissibility 

of  active  vibration  isolators,  37-6-  '0.. 

37-6-45 

effect  of  looseness  in  mechanical  systems 

on,  41-6-42 


of  foam  materials,  38-3-193 
of  foundations,  39-1-123 
of  isolators  with  nonlinear  damping, 
40-5-22 

of  missile  suspension  systems,  39-6-60 
of  pneumatic  active  isolators,  40-7-241 
for  railroad  cars,  40-6-112 
of  shock  isolated  floors,  41-5-157 
of  shock  isolators,  40-7-234  ,  41-5-157 
of  two  stage  isolators,  40-7-238 
of  vibration  isolators,  37-3-167,  40-5-28, 

40- 7-236 

of  viscoelastic  isolators,  38-3-40 

Transmission  matrices 
definition  of,  41-7-61 

derivation  from  continuum  theory,  41-7-76 
power  series  expension  of,  41-7-73 
theory  of,  41-6-133 

Transportation  environments 
criteria  for,  40-6-85 
data  for,  37-6-19 

data  acquisition  for,  36-6-163,  40-7-45 
data  analysis  of,  37-7-19,  39-6-36 
instrumentation  for,  37-7-19,  37-7-40, 
39-6-31 

for  loose  cargo  on  trucks,  39-6-18 
on  M-151  Jeep,  37-7-39 
for  packages,  39-6-19 
of  railroad  cars,  39-6-47,  40-6-91 
recorders  for  measurement  of,  36-6-163, 

36- 6-173,  39-6-19,  40  6-99,  40-7-45 
during  rough  handling,  37-7-1 
simulation  of,  39-6-15,  41-3-119,  41-3-215 
for  spacecraft,  37-7-19 

for  STOL  aircraft,  40-8-91 
survey  of,  37-7-1 
for  trucks,  39-6-31 

Traveling  waves 

analysis  of,  36-2-66 

Trucks 

transportation  environments  for,  37-7-1, 

37- 7-19, 33-8-31 

Truncated  cones 

response-  to  strain  pulse,  40-4-130 
Trusses 

dynamic  analysis  of,  38-2-61,  39-3-157, 

41- 6-199 

Tuning 

effects  on  modal  damping,  37-6-60 
Twang  test 

on  antenna  masts,  40-2-108 


Two  mass  systems 

perturbation  analysis  for,  40-7-180 

U 

UH-1  helicopter 

acoustic  environment  on,  37-S-73 
distribution  of  induced  velocity  on,  37-8-7 
environment  for  on-board  weapons, 

40-S-47 

response  to  TOW  missile  overpressures, 
40-1-64 

vibration  of,  37-S-73 
weapons  blast  effects  on  structure  of, 
40-1-62 

Underground  explosions 

acceleration-time  history  from,  41-6-80 
response  of  tower  to,  41-6-75 

Underground  structures,  see  Hardened  sites 
and  silos 

Underwater  explosions 

acoustic  wave-shell  interaction  theory 
for, 40-1-15 

airblast  compared  with,  36-1-13,  37-1-29 
cavitation  in,  41-S-49 
correlation  of  velocity  change  with  forcing 
function  for,  40-1-9 
damage 

analysis  of,  37-4-71 
to  shipboard  equipment,  39-1-96 
to  submarine  equipment,  39-1-99 
design  of  shipboard  equipment  for, 

39- 1-33,  39-1-65 

dip  in  snock  spectrum  for,  39-S-41, 

40- 7-185 

effect  on  humane,  41-2-5 
environment,  39-1-65.  37-2-30,  39-1-4, 
40-7-99 

equivalent  static  pressure  from,  40-7-198 
instrumentation  for,  40-1-10 
pressure  data  from,  40-1-10 
pressure-time  history  for,  39-1-4,  40-7-99 
response  to 

of  nulls,  38-3-244,  40-7-185,  41-S-49 
of  cylindrical  shells,  40-1-22 
of  shipboard  equipment,  39-1-55, 
39-S-41 

of  ships,  36-1-13,  37-1-1,  39-1-1 
of  structures,  40-1-15,  40-7-197, 
41-7-89 

Royal  Canadian  Navy  criteria  for, 

40-S-30 

shock  data  from,  40-1-11 
shock  test  facility  for,  37-4-137 
tests 

on  decks,  40-1-5 
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on  scale  model  captive  air  spacecraft, 
41-1-6 

on  ships,  39-1-67,  41-1-1 
on  torpedoes,  40-1-9 
velocity  change  from,  40-1-9 
velocity  response  spectra  for,  41-S-58 
velocity  time-history  for  hulls,  41-S-52 

Unit  impulse  function 

properties  of,  38-2-107 

Upstage  test  vehicle 

acoustic  test  of,  41-6-19 
flight  vibration  of,  41-6-9 
modal  density  for,  41-6-15 
sources  of  vibration  for,  41-6-24 

U.  S.  Army  Combat  Development  Command 
mission  of,  39-6-1 

V 

Vacuum 

damping  in,  36-4-75 
Vacuum  spring 

as  a  shock  and  vibration  isolator,  36-7-103 
simulation  on  analog  computer,  36-7-107 

Vacuum  tests 

combined  with  acoustic  tests,  37-5-175 

Vacuum  tube  launchers 

for  shock  tests,  40-2-193 

Vans 

air  blast  loads  on,  37-4-194 
Variation  spectra,  36-6-9 
Vehicles 

active  isolation  of,  38-3-317 
crash  environment,  39-4-231 
crashworthiness  of,  39-4-227 
cross-country  tests  of,  41-3-215 
crushable  shock  isolators  for,  39-4-231 
dynamic  tests  of,  41-3-127 
response  of  bridges  to,  41-4-102 
scale  model 

impact  of,  39-4-227 
prediction  of  response  to  impact  for, 
39-4-242 

stabilization  system  for,  38-3-317 
Velocity 

correlation  of  stress  with,  40-2-38 
as  criteria  for 

measurement  of  wear,  41-4-53 
severity  of  shock,  40-2-23 
severity  of  vibration, 40-2-2’?, 41-4-53 


distribution  of 

in  CH-47  helicopter,  37-6-8 
in  UH-1  helicopter,  37-6-7 
measurements  of  human  head  impact, 
39-5-93 

recorder  to  measure  impact,  36-6-173 
Velocity  change 

correlation  with  underwater  explosion 
forcing  function,  40-1-9 

Velocity  gages 

for  measurement  of  ground  shock, 40-7-133 
Velocity  response 

in  selection  of  normal  modes,  40-7-169 
Velocity  spectra 

for  bulkheads  of  submarines,  39-S-44 
cavitation  effects  on,  41-S-58 
as  descriptor  of  shock,  40-2-32 
for  equipment  in  submarines,  39-S-48 

Velocity-time  history 

for  spherical  structures,  41-7-98 

Velocity  transfer  functions 

for  lumped  parameter  systems,  38-2-111 

Vibra-acoustic  environment 

criteria  for  simulation  of,  37-5-1 
of  external  aircraft  stores,  41-S-33 

Vibrating  beam  test  method 

for  damping  in  materials,  40-5-106 

Vibration,  see  also  specific  types  such  as 
Flight  vibration,  Random  vibration,  and 
Shipboard  vibration 

and  acceleration,  36-3-119 
acoustically  induced 

flight  vibration  vs,  37-5-160 
in  aerospace  vehicles,  37-5-2 
aircraft,  37-7-35,  41-4-133 

acceleration  spectral  density  curves 
for,  40-6-49 
from  gunfire,  40-6-27 
from  motion  of  towed  cables, 

41-6-61 

power  spectral  density  for  STOL, 
40-6-96 

sources  of,  37-S-97 
versus  airspeed,  37-S-100 
on  aircraft  carriers,  40-S-13 
of  aircraft  landing  gear,  39-3-179 
amplitude  by  optical  method,  37-2-13 
asymptotic  method  for  determining 
response  to,  41-^-128 
automated  recorder  for,  40-7-225 
of  automobiles,  40-4-94 
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of  avionics  equipment,  40-6-37,  40-S-63 
acceleration  spectral  density  curves 
for,  40-6-52 

of  beams,  38-3-13,  39-3-49,  39-4-53, 

40- 2-40,  40-4-47,  40-5-277,  41-6-133, 

41- 6-163 

identification  of  damping  models  in, 
36-4-65 

with  moving  point  loads,  41-6-49 
of  blade-like  structures,  29-4-19 
of  bearings,  38-3-221,  40-3-275 
of  bombs,  41-S-34 
of  box  cars,  41-4-155 
of  captive  airborne  weapons,  37-S-107, 

39-6-78,  39-S-15 
challenging  problems  in,  36-2-1 
of  columns,  39-3-247 
complexity  of,  36-2-5 
criteria 

for  helicopters,  40-5-194 
for  severity,  40-2-27 
for  spacecraft,  37-7-202 
damage  potential  of,  41-3-43 
damping 

of  elastically-rigid  bodies,  36-7-135 
in  helicopters,  41-2-141 
in  pipes,  39-1-143 
in  plates,  39-4-63,  40-5-93 
in  structures,  36-4-49,  38-3-1, 

38- 3-57,  38-3-71,  39-4-1,  39-4-19, 

39- 4-31,  40-5-48,40-5-61 

of  deck  structures,  40-1-2,  40-7-218 
as  a  diagnostic  tool  for  shock  design, 
41-4-119 

in  multipanel  structures,  37-2-99 

of  ducts,  40-5-71 

effects 

on  fatigue  damage  to  structures, 
36-5-17 

on  humans,  41-2-13 
electrically  generated  in  elastomers, 
39-2-1 

of  electronic  equipment,  37-3-7 
environment 

for  captive  .Jrborne  weapons,  39-S-16 
of  high  speed  trains,  40-6-91 
of  STOL  aircraft,  40-6-91 
of  equipment 

in  aircraft,  37-S-103 
from  gunfire,  40-6-27 
equivalence  of 

energy  summation  in,  40-3-129 
measured  and  predicted,  36-5-90 
shock  with,  41-4-124 
failures  of  spacecraft  from,  40-3-9 
feedback  control  signal  averaging  of, 
36-3-139 

of  fiber-reinforced  composite  materials, 
39-4-81,  39-4-93 


fixtures  for  amplification  of,  39-2-221, 
41-3-149 
flow-induced 

in  cylinders,  40-3-304,  41-6-31 
of  shafts,  39-2-217 
of  structures,  41-7-205 
of  fluids,  41-7-181 
of  grillages  for  ships,  40-7-207 
of  guideways,  41-6-48 
in  helicopters,  37-6-1,  37-6-7,  39-3-17, 

40-4-43,  41-4-195,  41-4-209, 41-4-221 
high-speed  analyzer  for,  36-6-49 
of  hulln 

code  for  measurements  of,  40-7-243 
characteristics  of,  38-S-l 
mathematical  model  for,  38-1-126 
as  indicator  of  wear,  41-4-51 
of  launch  vehicles,  39-6-135 
of  loose  mechanical  systems,  41-6-39 
mathematical  analysis  of 
forced,  38-3-95 

torsional  and  translational,  39-3-172 
of  mechanical  systems,  39-3-73 
in  missiles,  38-2-74,  39-S-l,  39-2-196 
multi-axis  tests  for,  41-4-34 
multi-modal,  36-4-49 
of  munitions  dispenser,  41-S-37 
use  of  Myklestad’s  method  for,  41-7-109 
of  nonconservative  systems,  41-7-141 
nonlinear 

of  panels,  39-3-191 
of  spring-mass  systems,  41-6-39 
of  two-degree-of-freedom  systems, 
39-3-161 

of  one -dimensional  continuum,  41-7-61 
in  packages,  37-3-16 
of  panels,  39-3-1,  39-3-13,  39-3-191 
parametric,  39-3-205 
physiological  effects  from,  41-2-16 
of  piping,  39-1-143,  39-1-155,  40-4-197 
of  plates,  38-1-37,  38-1-45,  39-3-197, 
39-3-206,  39-4-63,  39-4-73,  39-4-81, 
39-4-93,  40-5-93,  41-7-29,  41-7-37 
prediction 

for  aerospace  structures,  36-5-41, 
36-5-85,  36-5-97,  38-S  5,  39-6-77, 
39-6-119,  40-6-67,  41-6-9,  41-7-1, 

41-7-195 

for  airborne  equipment,  38-S- 5 
direct  stiffness  method  for,  37-6-20 
for  helicopters,  37-6-5,  37-6-19 
for  missiles,  39-6-77 
mobility  in,  37-6-2’? 
for  propellant  storage  module  shelf 
41-7-196 

regression  analysis  technique  for, 
39-6-122 

statistical  energy  method  for, 
36-5-41,  38-S-5,  41-6-9 
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of  propellant,  41-7-169 
of  propellant  storage  module 
sources  of,  41-7-195 
proposed  standard  for  data  analysis  of, 

39- 6-1 

of  radio  telescopes,  40-4-155 
of  railroad  cars,  40-6-95, 40-6-109, 
41-4-141 
reduction 

by  active  isolators,  37-6-66 
in  helicopters,  36-7-113,  37-6-5, 

37- 6-49,  37-6-63,  40-5-191, 

41-1-141 

with  viscoelastic  materials,  36-4-9, 

36-4-49,  37-3-19,  38-3-1,  38-3-13, 

38- 3-29  ,  38-3-37  ,  38-3-57, 

38- 3-71,  38-3-175,  39-4-19, 

39- 4-31,  39-4-53  ,  39-4-63  ,  39-4-73, 

40- 5-1,  40-5-37,  40-5-49,  40-5-93, 

41- 5-105,  41-5-121,41-5-141 
response 

of  bearings,  40-3-275 
of  bridges,  41-4-99 
of  ducts,  40-5-61 

effect  of  sinusoidal  sweep  on,  38-1-134 
of  focal  isolation  system,  38-3-265 
of  helicopters,  41-7-131 
of  hydrophones,  37-2-52 
of  plates,  38-1-37,  38-1-45,  39-3-197, 

39-3-206,  39-4-7o  39-4-81, 

39- 4-93,  40-5-93, 41-7-29,  41-7-37 
of  printed  circuit  boards  to,  38-S-5, 

40- 3-111 

of  shells,  39-1-155,  39-3-107,  40-3-69, 

40-3-131 

of  River  patrol  boat,  37-7-205 
of  rocket  motors,  41-6-115 
of  rods,  40-2-39 
rotor-induced,  36-7-113 
of  rotors,  41-6-159 
of  scale  models,  39-3-39 
self-excited,  40-3-303,  41-4-194  ,  41-6-31 
sensitivity  of  humans  to,  41-2-13 
of  shafts  in  analysis  of  missile  bending, 
36-2-169 

with  NASTRAN  analysis,  41-6-203 
of  shells,  39-1-155,  39-3-107,40-3-69, 

40- 3-131 

in  ships,  38-1-125,  39-S-55,  40-S-13 
simulation  of,  41-4-29 

by  acoustic  tests,  37-5-1, 37-5-153 
analog  computers  in,  40-S-15 
vs  flight  of  captive  missiles, 

39-6-86 

gunfi.  e  induced,  41-4-37 
during  launch,  39-2-23 
short  bursts,  4S-S-267 
of  sonar  transducers,  37-2-51 
of  spacecraft,  37-7-176,  40-3-179 
stress  distribution  from,  36-7-6 


Vibration 

of  structures,  37-2-99,  38-1-99,  38-2-57, 

39- 3-171,  39-4-19,  39-4-31,  40-4-41, 

40- 4-155,  40-5-49,  40-7-207,  40-S-13, 

41- 6-1,  41-6-47,  41-6-103,  41-7-19, 

41-7-131,  41-7-205 

as  a  substitute  for  acoustic  tests,  38-1-115, 

40- 3-252 

of  systems  with  self  synchronised  rotors, 

41- 6-159 

techniques  for  data  analysis  of ,  36-6-47 
torsional  and  translational,  39-3-171 
transient 

of  multi  degree  of  freedom  systems, 
40-4-17 

for  simulation  of  engine  cutoff, 

37- 4-59 

for  simulation  of  nuclear  detonation 
shock, 41-5-167 
transmission 

in  foundations,  38-S-19,  39-1-123 
from  helicopter  rotors,  37-6-5 
mechanical  admittance  for  calculating, 

38- 2-231 

by  poly  urethane -isolator,  40-5-283 
through  structure,  39-6-135 
of  trucks,  37-7-28,. 39-6-31 
of  two  degree  of  freedom  systems, 

39- 3-161,  39-3-171 
walking,  40-4-160 

of  weapons 

on  aircraft,  40-S-47,  41-S-33 
on  nelicopters,  40-S-47 

Vibration  absorbers 
active,  38-3-235 

analysis  of  synchronous,  37-6-49 
for  attenuation  of  brake  squeal,  39-3-186 
damping  using,  37-6-57,  40-5-147 
definition  of.  38-3-235 
dynamic  mounting  requirements  for, 
36-7-122 

flight  tests  of,  40-5-199 
gyroscopes  as  synchronous,  37-6-49 
for  helicopters,  36-7-113,  37-6-23, 

40- 5-191 

mathematical  analysis  of,  39-4-261, 

41- 7-135 

performance  of,  36-7-116,  38-3-237 
for  spacecraft  antennas,  40-5-148 
for  transient  shock  loads,  39-4-261 
tuning  of,  39-4-265,  40  3-191 

Vibration  analysis,  see  also  Dynamic  analysis, 
Mathematical  analysis.  Modal  analysis, 

Shock  analysis,  and  Sti  'ctural  analysis 
of  aircraft  braking  &»op,  39-3-185 
of  beams,  38-3-13 
of  columns,  39-3-248 
co-quad, 37-2-77 
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of  cross  correlation  effects  on  test 
results,  39-2-51 
of  cylinders,  36-5-107 
digital  computers  in,  38-3-295 
of  ducts,  40-5-71 
of  eigenvector  errors,  39-3-102 
flow  graphs  in,  38-1-99 
of  gas  turbines  for  helicopters,  39-3-17 
General  bending  response  code  for, 

C9-S-60 

Hamilton’s  principle  in,  39-4-81,  39-4-93 
for  helicopters,  37-6-7,  41-7-131 
hybrid  computers  in,  41-7-131 
of  inertial  reference  units,  40-3-257 
isolation  systems,  37-6-44,  38-3-285 
of  landing  gear,  39-3-179 
of  launch  vehicles,  38-3-95 
of  liquid  squeeze-films,  39-2-78 
for  mini-max  response,  36-5-69 
of  nuclear  reactors,  36-1-45 
of  panels,  39-3-191 
of  plates,  39-3-197 
of  propellant  quantity  gauge  system, 
41-7-182 

of  propulsion  systems  for  ships,  39-S-55 
of  railroad  cars,  39-6-52 
of  resonant  fixtures,  39-2-221 
Ritz  method  in,  39-4-81,  39-4-93 
of  self  synchronization  of  rotors,  41-6-160 
of  shafts,  39-2-217,  41-6-203 
of  shells,  39-3-107 
of  spacecraft,  36-5-41,  41-4-128 
of  specifications  for  random  vibration, 

38-2-52 

of  spheres,  36-5-107 
of  stabilization  systems  for  vehicles, 
38-3-319 

statistical  energy  method  for,  36-5-41 
of  structures,  36-5-41,  38-2-23,  39-3-39, 
41-6-197,  41-7-131 
survey  of  techniques  for,  41-4-1 
of  synchronous  vibration  absorbers, 

37- 6-49 

of  systems  with  dynamic  coupling,  36-7-135 
of  traveling  waves,  36-2-66 
of  vibration  absorber  for  spacecraft 
antenna,  40-5-148 
of  viscoelastic  dampers,  38-3-72 
of  wear  in  machinery,  41-4-65 

Vibration  data 

analysis  of,  40-7-115 
facility  for,  36-6-47 
hybrid  computer  for,  36-6-55 
one-third  octave  vs  narrow  filter 
bandwidth,  41-S-30 
determination  of  stress  from,  40-3-1 
modal  damping  loss  factor  from,  38-2-289 
modal  response  suppression  factor  from, 

38- 2-271 


presentation  of,  39-6-7 
scaling  of,  36-5-85 
for  spacecraft,  37-7-173 
in  structural  analysis,  38-2-271 

Vibration  distribution 

measurement  of,  37-2-102 

Vibration  equivalence 

monograph  on,  39-2-189 

Vibration  exciters 

air  pulser  as,  41-S-l 

force-time  history  for,  41-S-ll 
amplification  of  output  of,  39-2-221, 
il  2  149 
calibration  of 

by  reciprocity  method,  36-6-185 
with  a  time-sharing  computer, 
36-6-183 

for  calibration  of  accelerometers,  41-3-3 
for  combined  environment  test  facilities, 
40-2-51 

cross-coupling  between,  37-3-155 
displacement  limiting  device  for,  39-2-11 
driving  by  prerecorded  tapes,  37-3-152 
electrodynamic 

control  techniques  for,  40-2-157, 
41-4-183 

protection  of  test  specimens  on, 

39-2-11 

shock  testing  by,  36-2-17,  39-5-67, 

39- 5-83,  40-2-157,  40-2-173, 

40- 7-93, 41-7-149 

for  simulation  of  control  forces  of 
launch  vehicle.  40-3-206 
electrohydraulic,  41-3-109 

control  system  for,  39-2-26 
on  launch  phase  simulator,  36-3-119, 

39-2-23 

flexure -guided,  39-2-159 
for  launch  phase  simulator,  36-3-119, 
37-3-182,  39-2-23 
multiple 

control  stabilization  of,  37-3-155 
random  vibration  tests  with,  39-2-51 
servo-hydraulic 

as  shock  test  facility,  40-2-243 
for  shipboard  tests,  38-S-l,  41-S-l 
variable  resonant,  38-S-l 

Vibration  isolation 

active  systems  for,  37-6-29 

displacement  mobility  of,  39-4-174 
dynamic  response  of,  39-4-166 
performance  te-'is  of,  39-4-163 
response  to  shock,  37-6-69 
stability  of,  39-4-165 
transfer  functions  for,  39-4-170 
vehicles,  38-3-317 
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active-passive  systems  for,  3?- 6- 39 
in  aircraft,  39-4-157 
of  avionic  components,  40-5-285 
computer  programs  for,  38-3-295 
electrohydraulic  systems  for,  37-6-32, 

39- 4-141 

local  systems  for,  38-3-263 
in  helicopters,  37-6-29,  37-6-39,  38-3-263 
hybrid  systems,  37-6-44 
hypothesized  gyroscope  for,  38-^-289 
on  M-754  tracked  vehicle,  41-2-159 
nonlinear  systems  for  damping  in,  40-5-19 
frequency  response  for,  40-5-26 
resonance  characteristics  of,  40-5-31 
transfer  functions  of,  40-5-27 
parametric  analysis  of  systems  for, 

38-3-235 

of  road  vehicles,  38-3-317 
of  systems  with  relaxation  damping, 

40- 5-205 

Vibration  isolators,  see  also  Active  vibration 
isolators  and  Shock  isolators 

active,  38-3-317,  39-4-141,  39-4-157 
design  criteria  for,  39-4-159 
development  of,  39-4-160 
active-passive,  37-6-76 
for  avionics  equipment,  40-6-37 

polyurethane  foams  as,  40-5-285 
for  combined  shock  and  vibration  isolation, 
40-7-233 

effects  on  safe  levels  for  rotor  bearings, 
40-3-290 

electrohydraulic,  39-4-141 

characteristics  of,  39-4-146 
mathematical  analysis  of,  39-4-143 
force -deflection  characteristics  for, 
40-7-236 

frequency  response  of,  40-6-40 

for  gyroscope,  38-3-285 

for  helicopters,  37-6-39,  37-6-69,  38-3-263 

hysteresis  loop  characteristics  for, 

40-5-21 

nonlinear 

performance  of,  40-5-19 
transmissibility  for,  40-5-22 
open  cell  foams  as,  40-5-291 
performance  of  conventional,  40-7-236 
polyurethane,  40-5-236 
for  protection  of  humans,  39-4-157 
relaxation  damping  for,  40-5-203 
response  to  shipboard  shock,  40-7-236 
shim  spring  as,  37-3-163 
for  shipboard  equipment,  40-7-233 
static  load  characteristics  of,  40-3-287 
vacuum  spring  as,  36-7-103 

Vibration  measurements,  see  also  Vibration 
data 

on  aircraft,  37-7-28,  37-S-95 


on  avionics  equipment,  40-S-63 

data  analysis  for,  37-S-74 

on  captive  airborne  weapons,  37-S-107, 

40- S-47,  39-1-195,  39-6-93 
on  engines,  37-2-118 

on  freight  cars,  41-4-141 
on  helicopters,  37-S-73,  41-4-209, 

41- 4-221 

on  high  speed  trains  (Metroliner), 40-6-93 
instrumentation  for,  37-2-118,  37-S-74, 

37- S-95,  40-7-45,  40-7-225 
lasers  fox,  37-2-1 
holography  for,  39-2-41,  40-7-33 
on  M-151  (jeep),  37-7-39 

on  missiles,  37-7-93 

on  munitions  dispenser,  40-6-21 

on  printed  circuit  boards,  38-S-5,  40-3-111 

probe  for,  40-7-29 

on  River  patrol  boats,  37-7-205 

on  ships,  40-7-231 

on  sonar  transducers,  37-2-51 

on  STOL  aircraft,  40-6-95 

on  trucks,  37-7-21,  39-6-31 

on  vehicles,  40-7-48 

velocity  transducers  for,  40-7-244 

Vibration  modes,  see  Modal  analysis 

Vibration  response,  see  Response 

Vibration  spectra 

for  antennas,  40-5-4 
for  helicopters,  41-4-228 
for  missiles,  41-4-190 
for  spacecraft,  36-7-97 

Vibration  tests 

acceleration  limiting  in,  41-4-117 
acoustically-induced,  36-3-39 
of  aircraft  equipment,  41-S-25 
allowable  cross- motion  in,  40-6-64 
for  Apollo  lunar  surface  experiment, 

38- 2-52 

areas  of  controversy  on  equivalence  of, 

39- 2-188 

assembly-level,  36-3-27 
control  of,  37-3-49 
data  analysis  for,  37-5-129 
of  launch  vehicles,  37-5-117 
of  avionics  equipment,  40-S-63,  40-6-32 
qualification  levels  for  components, 

40-S-76 

of  bearings,  40-3-280 
of  bombs,  41-S-33 
of  bridges,  41-4-101 

of  calibration  propellant  storage  modules, 

41-7-200 

for  captive  flight  environment, 

39-1-212,  40-S-48 

combined  with  temperature  and  humidity, 
36-6-83 
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compared  with 

acoustic  tests,  37-3-7,  37-3-21 
field  data,  37-3-1 
flight  vibration,  37-7-173 
vibration  analysis,  36-1-45 
comparison  at  fatigue  damage  potential 
of,  40-3-153 
of  components 

problems  in,  37-5-4 
qualification  levels  for,  "7-7-176 
of  computer  programme  '«  J7-3-78 
control  of 

averaging  techniques  for,  36-3-139, 

37-3-47,  37-3-75 
assembly-level,  37-3-49 
base-strain  in  accelerometers, 

37-2-48 

for  multiple  vibration  exciters, 
36-3-147,  41-4-183 
criteria,  41-S-25 

for  captive  airborne  weapons,  39-S-15 
comparison  at  flight  data  with,  37-3-7 
for  launch  vehicles,  37-5-119 
design  for  shock,  41-4-119 
for  detecting  loose  parts,  36-6-73, 
41-4-173 

determination  of  modal  mass  from, 

38-2-271 

determination  of  bond  strength  of  liquid 
squeeze-films  from,  39-2-80 
of  ducts,  40-5-66,  40-5-75,  40-5-88 
dynamic  analysis  of  systems  for,  41-4-79 
for  earthquakes,  41-3-109 
of  elastomers,  39-2-4 
of  electronic  components,  40-3-111 
of  electronic  equipment,  37-3-14, 

41-4-122 

energy  summation  in,  40-3-151 
equivalence  of,  37-3-1,  39-2-187 
of  explosive  weapons,  40-3-196 
for  fixed-base  natural  frequencies, 

38- 2-209,  38-2-261 

fixtures  for,  36-3-101,  38-1-120,  39-3-31, 

39- 2-72,  39-2-157,  39-2-175,  39-3-192, 

40- 3-231 

flexure  guides  as  fixtures  for,  39-2-157 
focal  isolation  systems,  38-3-268 
for  fragility  of  systems,  41-5-123 
of  gas-bearing  machinery,  38-3-221 
on  helicopters,  36-3-71,  39-3-23 
high  acceleration,  39-2-71 
high-force 

control  of,  37-3-139 
data  analysis  for,  37-3-143 
on  humans,  41-2-13 
on  immersed  solids,  40-1R-17 
of  impact  damped  structures,  39-4-4 
instrumentation  for,  41-3-114 
of  isolation  systems,  38-3-268,  40-6-40 
of  isolators,  40-6-39 


at  launch  vehicles,  36-7-80,  37-2-109, 

39- 2-135 

of  scale  models  at,  38-2-25,  41-7-171 
levels  for,  39-2-153 
of  a  LOX  vent  duct,  36-3-91 
mechanical  impedance  in,  38-2-234, 

41-4-109 

for  mechanical  signature  analysis, 

36-6-73,  41-4-174 
of  missiles,  39-2-197,  40-3-268 
for  modal  surveys  of  aircraft,  36-3-55 
monitoring  of,  36-3-1 

multimodal  fixturesfor, 40-3-231, 38-1-120 
multiple-axis,  39-2-23,  41-3-119 
with  multiple  vibration  exciters,  36-3-55, 
36-3-71,  36-3-91,  38-1-115 

control  techniques  for,  36-3-147, 
41-4-183 

importance  of  cross  correlation  in, 
39-2-51 

of  large  structures,  38-1-115 
multi-point  control  of,  37-3-75,  41-4-33 
of  munitions  dispensers,  41-S-37 

wind  tunnel  vs  laboratory  excitation 
for,  40-6-22 
near  resonant 

for  identification  of  complex 
structures,  38-2-23 
on  nuclear  reactors,  36-1-50 
of  oil  squeeze  bearing  damper,  38-3-48 
outer  loop  control  for,  41-4-183 
overload  protection  during,  3S  2-11 
phase  plotting  for,  37-2-77 
of  plates,  39-2-197,  39-3-210,  39-4-83 
practical  approach  to,  37-3-4 
probabilistic  approach  to,  41-S-25 
pulsed  random,  40-3-267 

control  system  for,  40-3-270 
analysis  of  data  for,  40-3-273 
as  quality  assurance  tool,  36-6-73, 
41-4-173 

realism  of,  37-3-2,  39-2-195,  41-4-29 
reduction  of  spectrum  levels  for,41-S-27 
of  re-entry  vehicles,  36-3-113 
response  limiting  in  control  of,  41-4-183 
response  outside  of  sweep  range  during, 
38-1-136 

ring  accelerometers  for,  37-2-48 
of  road  vehicles,  41-3-124 
of  rocket  engines,  37-2-129 
of  scale  model  hulls,  41-S-3 
of  segmented  shells,  38-1-87 
of  shafts,  41-6-207 

sinusoidal  pulse  technique  for,  38-3-207 
sinusoidal  sweep  in,  36-2-102,  38-1-133, 
38-3-207 

for  slosh  modes  in  propellant  tanks, 
41-7-169 

of  spacecraft,  36-3-27,  37-3-21,  38-2-151, 

40- 3-9,  40-3-183 
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criteria  for,  37-5-156 
fixtures  for,  40-3-231 

procedures  for,  39-2-110 
programs  for,  37-5-109,  37-5-154 
qualification  levels  for,  37-7-175 
of  scale  models  of,  40-3-243 
specifications  for,  36-3-1,  38-1-109, 
40-6-42,  40-6-62,  41-4-30, 41-4-69 
of  structures,  38-1-115,  39-4-41,  41-7-195 
of  scale  models  of,  40-4-89 
survey  of  techniques  for,  41-4-1 
sweep  rate  effects  in,  41-4-95 
for  system  identification,  38-2-27 
tracking  filters  in,  40-6-64 
of  viscoelastic  damper,  38-3-76 
of  viscoelastic  foam  materials,  38-3-190 
of  weapons,  40-3-267 
wind-induced,  36-7-81 

Viscoelastic  materials,  see  also  Elastomers 
for  attenuation  of  shock,  40-5-175 
chenorheological  study  of,  38-3-175 
complex  stiffness  of,  39-4-11 
damping  with,  36-4-25,  36-4-49,  38-3-37, 

38- 3-71,41-2-121 

at  extreme  temperatures,  38-3-57 
of  plates,  39-4-63,  40-5-93 

of  structures,  40-5-1,  40-5-37 
of  vibration,  41-2-141 
dynamic  modulus  versus  temperature, 
36-4-33 

effect  on  fatigue  of  joints,  39-4-117 
effects  of  specimen  geometry  on  Young’s 
modulus,  38-3-154 
endurance  life  of,  41-2-147 
high  polymer,  38-3-175 
load  carrying  capacity  of  structures  with, 

39- 4-117 

loss  factor  versus  temperature,  36-4-30 
for  machinery  foundations,  38-3-1 
mathematical  analysis  of  test  system  for, 

39- 4-13 

performance  at  extreme  temperatures, 
36-4-25 

properties  of,  -**-37,  38-3-1,  38-3-151, 

38-3-175,  39-4-11,  39-4-67,  40-5-38, 

40- 5-50,  40-5-105,  41-2-125,  41-2-133 
Geiger  thick  plate  test  for,  40-5-112 
techniques  for  determining,  39-4-15 
from  vibrating  composite  beam  test, 

40-5-112 

for  reduction  of  shock  in  plates,  39-4-63 
for  reduction  of  vibration,  36-4  9, 

36-4-49,  37-3-19,  38-3-1,  3P-3-13, 
38-3-29,  38-3-37,  38-3-57,  .18-3-71, 

38- 3-175,  39-4-19,  39-4-31,  39-4-53, 

39- 4-63,  39-4-73,  40-5-1,  40-5-37, 

40- 5-49,  40-5-93, 41-5-105, 41-5-121, 

41- 5-141 

response  to  vibration,  39-4-11 


strength  characteristics  of  joints  with, 
39-4-117 

for  structural  damping,  36-4-9,  36-4-25, 
36-4-49,  38-3-121,  38-3-139 
in  structural  design,  36-4-9,  38-3-37 
for  tuned  damping,  38-3-151 
vibration  parameters  for,  38-3-75 

Vortex  shedding 

for  cylinders,  40-3-303,  41-6-31 
for  towed  shafts,  39-2-218 

W 

Walleye  missile  *  ‘ , 

dynamic  analysis  of  shipping  container, 
39-6-57 

Waterhammer 

in  fluid  systems,  40-2-67 

\ 

Water  tunnels 

measurement  of  llow  noise  in,  41-2-152 

Waveform  synthesizers  <> 

shock  pulse  shaping  by,  39-5-67 

Waveforms 

control  of  transient,  40-2-157 
reproduction  of,  36-3-47 

Weapons  skid,  2 IB  .  < 

analysis  of,  36-1-23 
design  shock  spectra  for,  36-1-26 

Weber  transform,  36-5-108 

Wind  tunnels 

acoustic  data  from,  37-7-221 
captive  flight  vibration  tests  in,  40-6-12 
data  from  scale  model  in,  37-7-221 
instrumentation  for  tests  in,  37-7-222 
tests  of  missiles  in,  36-7-80,  37-3-121 
transonic,  37-3-123 

Wings 

flutter  of  aircraft,  41-7-109 
X 

XB-70A  aircraft 

modal  survey  on,  36-3-55 


X-rays 

experiments  with,  36-6-230 
field  emission  type,  36-6-233 
for  research  in  soils,  36-6-225 
in  soil  dynamics,  36-6-228 
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Y 


Yielding 

effects  on  shock  spectra,  3S-2-9 


propagation  in  beams,  40-4-81 

Yielding  structures,  see  also  Crushable 
structures  and  Honeycombs 

shock  attenuation  by,  38-3-255,  41-2-89 
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